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MASSACHUSETTS HIGH SCHOOL TEACHERS’ PERCEPTIONS OF TRANSITIONS IN
TEACHING AND ASSESSMENT RELATED TO THE NEXT GENERATION SCIENCE
STANDARDS
ABSTRACT
The experiences and perceptions of high school science teachers with the transitions in
teaching and assessment related to the adoption of the 2016 Massachusetts Science and
Technology/Engineering Framework based on the Next Generation Science Standards were
studied in this interpretative phenomenological analysis. The Next Generation Science Standards
incorporated both traditional disciplinary content ideas and the new science and engineering
practices (NGSS Lead States, 2013). Teachers were required to develop new materials, and
difficulty in developing new ways of teaching and assessing science (Friedrichsen and Barnett,
2018; Kawasaki and Sandoval, 2020; Wilde, 2018) was exacerbated by the delay in high-stakes
testing until June 2022.
The results of this study were captured in five main themes: Memorization and Rote
Tasks vs Deeper Understanding, Teachers Value Collaboration and Reflection, The Role of the
Standards and How They are Tested, Positive Perceptions Related to the Science and
Engineering Practices, Preparing Emotionally Resilient, Scientifically Literate Citizens. All
participants perceived the new standards for teaching and assessing science in Massachusetts to
be an improvement over the 2006 STE Framework. The participants had overwhelmingly
positive experiences teaching the 2016 STE Framework to their students and perceived their
students to have had positive outcomes directly or indirectly related to the new standards.
The design and impact of high-stakes exams should be considered by state-level testing
authorities when implementing new science standards like the inclusion of the science and
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engineering practices. District and building-level administrators should focus on providing
support to their high school science teachers transitioning their teaching and assessing to meet
the requirements of standards based on NGSS.

1
CHAPTER 1
INTRODUCTION
The need for citizens to know the facts of science and to comprehend the processes of
science and engineering to make informed decisions in daily life is greater than at any time in the
past (NGSS Lead States, 2013). The general public needs to be able to use reasoning skills to
evaluate data and their analysis so they can make choices for themselves regarding issues such as
global climate change (Druckman & McGrath, 2019) and the COVID-19 pandemic (Capraro &
Barcelo, 2021; Teovanović et al., 2020). Science Educators from across the country, the NGSS
Lead States (2013) introduced new k-12 standards, the Next Generation Science Standards
(NGSS), with this need in mind. The NGSS called for fundamental changes in the way science is
taught in American classrooms, which facilitate developing all students’ abilities to analyze
information and refine their thinking (NGSS Lead States, 2013). The NGSS changed the focus of
science instruction from content illustrated by scientific practices to scientific and engineering
practices taught through the lens of content and connected across science domains through cross
cutting concepts. The introduction of the NGSS has led to changes in state standards; the stated
goal of the new standards is to allow students to develop skills in the scientific practices
(National Research Council, 2012). For example, before NGSS, a teacher might have the goal of
their students memorizing the steps of meiosis or how to use Newton’s laws (Pruitt, 2014) and
might use a variety of hands-on techniques which demonstrate these facts (Osborne, 2014). Now,
an instructional sequence might begin with questions about why something happens or how to
predict a future event, and then proceed through activities where students explore patterns and
make arguments (Jin & Mikeska, 2017). The goal under the NGSS is to teach lessons where
students apply acquired knowledge, not to simply learn isolated content ideas (Pruitt, 2014). To
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accomplish this goal, teachers must make changes in their classroom practices, as the previous
standards, and therefore classroom practices, were focused on disseminating and learning
disciplinary content ideas, not scientific practices.
In addition to the NGSS, the Massachusetts Education Reform Act of 1993 initiated
changes which ultimately led to the creation of the Massachusetts Comprehensive Assessment
System (MCAS). Beginning with the class of 2003, Massachusetts high school students had to
meet local graduation requirements and pass the MCAS in English and math to receive a
diploma (Massachusetts Department of Elementary and Secondary Education [DESE], 2006b).
Passing the MCAS science exam became a graduation requirement beginning with the class of
2010 (Greatschools, 2016). Beginning in 2010, Massachusetts adopted the Common Core State
Standards for English and Math (Massachusetts DESE, 2010). The NGSS were released in 2013
and adapted for use in Massachusetts in 2016 (Massachusetts DESE, 2017). In June of 2020,
Massachusetts high school students, freshmen or sophomores depending on the school, were
expected to encounter the latest of these waves of change – the new ‘MCAS 2.0’ for Biology or
Physics, depending on how each high school has structured its curriculum. Passing either the
MCAS biology or MCAS physics is a graduation requirement in Massachusetts. Due to the
COVID-19 pandemic the June 2020 MCAS was canceled. The new test was scheduled to take
place in June 2021, but in November 2020, DESE announced the June exam would be in the
older style and that the new tests would begin in June 2022 (Massachusetts DESE, 2020b).
The newest version of these tests was grounded in the 2016 Massachusetts Science and
Technology/Engineering Curriculum Framework (2016 STE Framework; Massachusetts DESE,
2016). The 2016 STE Framework is based on the NGSS. Resultantly, the 2016 STE Framework
places a strong emphasis on science and engineering practices (SEPs) and decreased emphasis on
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disciplinary content ideas (DCIs) than the 2006 Massachusetts Science and
Technology/Engineering Curriculum Framework (2006 STE Framework; Massachusetts DESE,
2006a).
The framework adopted by Massachusetts is a modified version of the NGSS standards in
2016 (Massachusetts DESE, 2016). While the NGSS called for the teaching of three equal
dimensions of science teaching, disciplinary core ideas, science and engineering practices, and
cross cutting concepts, in Massachusetts DESE chose only to focus on science and engineering
practices and disciplinary core ideas (Massachusetts DESE, 2016). This put SEPs on equal
footing with DCIs, whereas previously, DCIs were the primary focus of the standards. Testing of
the new frameworks as a competency determination for high school graduation was originally
scheduled to occur in June of 2020 (Massachusetts DESE, n.d.). The majority of current science
teachers were trained prior to the release of NGSS (Banilower et al., 2018) and the change in
emphasis on SEPs and DCIs.
Chapter one begins with the definition of important terms, followed by a brief historical
context. It contains an overview of the qualitative study conducted in June and July of 2021 on
teachers’ perceptions of changes in teaching and assessment related to the adoption of adapted
NGSS standards, which emphasize SEPs, as the curriculum framework for science teaching in
Massachusetts. This the interpretative phenomenological analysis focused on the exploration of
Massachusetts high school science teachers’ perceptions in transitioning to teaching and
assessing the SEPs as outlined in the 2016 STE Framework based on NGSS. The basis for the
study, as encapsulated in a statement of the problem, the purpose statement, and research
questions and design will be presented. Following this, the conceptual framework, including a
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theoretical framework, and the assumptions, limitations, and scope of the study will be
addressed. Finally, the rationale for the study and its significance will be presented.
Definition of Key Terms
Adoption: A legal process declaring a new set of educational standards those which a
state or district will follow (Pruitt, 2014).
Competency Determination: A requirement for high school graduation in Massachusetts
(Massachusetts DESE, n.d.).
Classroom Practices: Teaching strategies including delivery of content to students,
directly or indirectly, and assessment or students, formative and summative.
Disciplinary Core Ideas (DCIs): Disciplinary Core Ideas are a small set of content ideas
students should know by the time they graduate from high school (NGSS Lead States, 2013).
High Stakes Test: A high stakes test is any test used to make important decisions about
students, educators, schools, or districts, most commonly for the purpose of accountability (Great
Schools Partnership, 2014).
Implementation: The process by which adopted standards are instituted in classrooms.
Implementation typically takes years (Pruitt, 2014).
Inquiry: Scientific inquiry refers to the diverse ways in which scientists study the natural
world and propose explanations based on the evidence derived from their work. Inquiry also
refers to the activities of students in which they develop knowledge and understanding of
scientific ideas, as well as an understanding of how scientists study the natural world (National
Research Council, 1996).
Massachusetts Comprehensive Assessment System (MCAS): the Massachusetts
Comprehensive Assessment System, the statewide assessment of individual students' academic
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performance, as required by M.G.L. c. 69, § 1I (Massachusetts DESE, n.d.). At the high school
level, the MCAS is the competency determination for high school graduation in the subjects of
English Language Arts, Mathematics, and Biology or Physics (Massachusetts DESE, 2020a).
Next Generation Science Standards (NGSS): The NGSS are standards and goals for what
students should be able to do, but not a curriculum (NGSS Lead States, 2013).
NGSS Lead States: The 26 states who sent representatives to write the NGSS in
conjunction with experts from various national science organizations. (Chen, 2018)
Science and Engineering Practices (SEPs): Science and Engineering Practices are the
major practices that scientists employ as they investigate and build models and theories about the
world and a key set of engineering practices that engineers use as they design and build systems
(NGSS Lead States, 2013). This includes inquiry but is not limited to inquiry (Pruitt, 2014).
Teacher Change: Short-term change in teacher behavior in the classroom or in preparing
or assessing outside the classroom. Often a direct response to professional development (Clarke
& Hollingsworth, 2002).
Teacher Growth: Long-term change in teacher behavior in the classroom or in preparing
or assessing outside the classroom. Teacher growth results from reflection on the results of
teacher change (Clarke & Hollingsworth, 2002).
Statement of the Problem
The transitions in teaching and assessment related to the adoption of standards based on
the Next Generation Science Standards in Massachusetts relies heavily on teachers to develop
new curricula, as the standards did not provide a curriculum, but instead identified performance
expectations that can be taught in multiple ways (NGSS Lead States, 2013). Teachers need to
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develop new curricula that incorporate all the relevant dimensions of the new standards. This has
proven difficult for many science teachers (Friedrichsen and Barnett, 2018).
The introduction of detailed SEPs, for which students are expected to build skill and
expertise over time, is a novel objective for science educators. Implementation of new standards
typically takes multiple years and is complete when large-scale assessment is established (Pruitt,
2014). Massachusetts’ timeline for implementation at the high school level includes testing
overlapping standards from the 2006 STE Framework and 2016 STE Framework, including
SEPs based on NGSS, in spring 2018 and exclusively assessing the 2016 STE Framework in
2022 (Massachusetts DESE 2017; Massachusetts DESE 2020).
Friedrichsen and Barnett (2018) explained science teachers have difficulty reducing the
amount of content they teach to spend more time teaching and assessing SEPs. Teacher
perceptions about why this is true have not been comprehensively researched (Glenn, 2019;
Moos, 2020; Russ, 2020). Additionally, Buzick et al. (2019) called attention to the lack of
research into teacher perceptions of the effects of large-scale state accountability assessments in
the context of new standards. The problem I studied is the difficult transition high school science
teachers may be experiencing in Massachusetts associated with these major changes needed in
their classroom practices, teaching, and assessment.
Purpose of the Study
The purpose of this interpretative phenomenological analysis was to capture the lived
experiences and perceptions of Massachusetts high school science teachers in making the
transition to teaching and assessing SEPs through the use of content instead of teaching
disciplinary content facts through various methods, including scientific inquiry practices. The
existing literature focused on what strategies are most effective in teaching and assessing

7

students, but the body of knowledge about how teachers experience making necessary shifts in
teaching and assessing was scant (Matlock, et al., 2016). Conducting this study allowed me to
clarify how teachers are teaching and assessing the adopted standards based on the NGSS. I was
able to uncover how teachers perceived the changes they have made in their classroom practices,
both in teaching and assessment.
Research Question and Design
I chose to capture the lived experiences of several individual teachers and make explicit
what is typically taken for granted by describing perceptions of their experiences with a specific
phenomenon; therefore an Interpretative Phenomenological study was aligned with my research.
The specific phenomenon under investigation was the teachers’ lived experiences transitioning
from teaching and assessing the 2006 STE Framework to the 2016 STE Framework, which has
an increased emphasis on SEPs (Leavy, 2014). Adams and Manen (2008) clarified the
importance of distinguishing between exploring the world and exploring how the world appears
to people, the latter of which is phenomenology. Smith and Osborn (2008) explained that
interpretative phenomenological analysis is a particularly useful approach to research when the
researcher is exploring novelty. Because I focused on how high school science teachers viewed
and experienced their transition to the novel paradigm laid out in the 2016 Massachusetts
Framework for Science and Technology/Engineering, including the SEPs from the NGSS, an
interpretative phenomenological analysis approach was appropriate.
Research Question
What are high school science teachers’ perceptions of the transitions in teaching and
assessment related to Massachusetts’ adoption of standards based on the Next Generation
Science Standards?
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Conceptual Framework
Since 2006 I have continuously worked at the same public high school as a science
teacher and have also served as the department head for science since the fall of 2017. Both roles
have allowed me to see a wide variation in teacher skill and interest in teaching and assessing
SEPs in contrast to focusing on scientific content facts. I have also encountered teachers
representing the entire spectrum, from those who were focused and interested in creating and
assessing new curricula to teachers who were content with the status quo. As a result of the
change in standards, science teachers have needed to address deficits in their teaching of SEPs
and in student learning of both practices and content to meet the expectations of the new
standards.
A review of the literature demonstrated that in part, within the educational community
there is little understanding of the practices of science (McNeill et al., 2018). SEPs are often
confused with hands-on learning by the public (Furtak & Penuel, 2019). It is unclear how
teachers can be held accountable for teaching the practices of science when neither the public nor
educational leaders have a solid understanding of these practices.
Theoretical Framework
The required change in classroom practices brought on by the adoption of the
Massachusetts Science and Technology/Engineering Framework (Massachusetts DESE, 2016)
based on the NGSS created a need for professional growth among science teachers. Clarke and
Hollingsworth (2002) developed a model of teacher professional growth called the
interconnected model of professional growth (IMPG). The IMPG includes four domains: the
external domain, the personal domain, the domain of consequence, and the domain of practice.
These four domains interact with each other through enactment and reflection. The external
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domain includes sources of information and stimulus. The change in the standards as outlined in
the Massachusetts Science and Technology/Engineering Framework is an external stimulus. The
personal domain comprises a teacher’s philosophy of teaching, knowledge, and attitudes. The
domain of practice encompasses all forms of teacher experimentation, from classroom
experimentation to shared planning to participation in professional learning communities to
conscience reflection on one’s teaching. The domain of consequence includes both observed and
inferred outcomes from the professional experiments teachers have conducted. An environment
conducive to change includes providing access to resources and equipment as well as providing
support and encouragement. According to the theory, the inferences drawn by teachers based on
salient outcomes are strongly dependent on the teachers’ personal value systems and prior
knowledge (Clarke & Hollingsworth, 2002). Analysis of teachers’ perceptions of shifts in their
teaching and assessment was conducted through the lens of the interconnected model of
professional growth.
Assumptions, Limitations, and Scope
The focus of this study was the perceptions of high school science teachers transitioning
curriculum, which may culminate with the Massachusetts Comprehensive Assessment System
(MCAS) exam intended to evaluate student learning of the 2016 STE Framework based on
NGSS. The seven teachers who were interviewed for this study were selected from suburban
Massachusetts high schools. As the researcher, I assumed that teachers in suburban
Massachusetts high schools had similar experiences and that the results of this study would be
relevant to anyone examining similar shifts in teaching and assessment, even if the teachers
come from different sites. This assumption carries with it the presumption that most suburban
Massachusetts high schools are of similar size and similar student demographics. Data from
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Massachusetts DESE bears this out. Teachers who were interviewed for this study were selected
from schools with grades 9-12 enrollment ranging from approximately 700 to 1100 students with
average populations below the state average in the following categories: First Language Not
English, English Learners, Students with Disabilities, High Needs, and Economically
Disadvantaged (Massachusetts DESE, 2021b).
The purpose of this interpretative phenomenological analysis was to focus on the details
of the experiences and perceptions of a small number of study participants (Smith & Osborn,
2008). However, details of context and the unique moment in time of the study, as well as a
small number of participants, may make the generalizability or transferability (Guba & Lincoln,
1982; 1989) of the findings difficult. This was addressed in part by interviewing teachers at
multiple sites. Blending the subjective knowledge of multiple participants into an intersubjective
knowledge of common feelings, perceptions, experiences, and meanings creates a shared reality
(Merleau-Ponty, 2013). This creates the possibility of transferability, assuming there is a rich,
thick description of context (Guba & Lincoln, 1982).
Researcher bias was another possible limitation of the study. I may have unconsciously
led interviewees to answers I expected to hear rather than allowing the true perceptions of the
participants to be revealed during the interviews. Similarly, because I have a background in
teaching science, the participants may have skewed their responses to what they think they
should have said or what I wanted to hear because I was in the role of an expert on teaching
science. To minimize this effect, I did not conduct this study in my own district or school
building. I created a script of unbiased interview questions and follow-up questions.
Additionally, I was clear with participants that my purpose is to discover their honest
perceptions, not to pass judgement.
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Selection bias, due to the need for teachers to opt in to the study, was also a limitation of
the study. Perhaps only teachers with a positive attitude relative to the adoption and subsequent
enactment of the 2016 STE Framework based on NGSS were receptive to research on these
standards and thus chose to participate. Alternately, teachers may have chosen to participate in
the study specifically to communicate their disdain for the newly adopted standards. Recruiting
participants from multiple sites helped to mitigate these possible effects.
The scope of this research was limited to suburban Massachusetts high school science
teachers who taught a course described in both the 2006 STE Framework and the 2016 STE
Framework – biology, chemistry, earth & space science, introductory physics, or
technology/engineering. It was further limited by which districts and schools consented to
recruitment at their sites during the spring of 2021. The recruitment process was potentially
hampered by the increased stress and time constraints commensurate with pandemic teaching
and recruitment during the last few days of the school year.
Rationale and Significance
The importance of this study stems from the need for Massachusetts science teachers to
develop new curricula which incorporate a new dimension, the SEPs, due to the Massachusetts
adoption of standards-based on NGSS. Different teachers are at different points in their journey
to teach the new standards, but all teachers must continue to improve their skills if Massachusetts
high school students are to succeed on the science MCAS and therefore qualify to graduate.
Bernard et al. (2019) found the challenge of implementing inquiry-based science lessons
exceeded teacher expectations. Inquiry-based teaching is a small subset of the pedagogical
techniques needed to address the SEPs outlined in the NGSS (Pruitt, 2014). Illuminating
Massachusetts secondary science teachers' shared experiences and perceptions in transitioning
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their teaching and assessment practices to align with the 2016 STE Framework based on NGSS
should provide important information to school, district, and state science education leaders. This
study may assist schools in crafting professional development to support teaching that is fully
aligned with the 2016 STE Framework, the NGSS, and their shared goals for student learning.
The lens of teachers’ perceptions of attempting to transition to the new standards focused on the
SEPs, including the reflections theorized to mediate the process of teacher professional growth,
may help district leaders and authors of commercial resources in their creation of ready-to-use
classroom activities and classroom assessments. Finally, this study may provide perspective to
state and national high stakes assessment writing teams as to the relevance of their tests in
facilitating or impeding implementation of adopted educational reforms.
Conclusion
The teaching and assessing of science in Massachusetts must fundamentally change to
meet the expectations outlined in the 2016 Massachusetts Science and Technology/Engineering
Curriculum Framework (Massachusetts DESE, 2016) based on NGSS. Making these kinds of
changes is difficult at the best of times (Friedrichsen & Barnett, 2018). Understanding teachers’
lived experiences making the transition to teaching and assessing standards focused on SEPs
allows local and regional teacher leaders to develop appropriate plans as the need for substantive
change to teaching continues.
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CHAPTER 2
LITERATURE REVIEW
According to the National Research Council (2012) and the NGSS Lead States (2013),
the need for Americans to know the discrete facts of science and understand the processes of
science and engineering for the purpose of making informed decisions in daily life is greater than
ever. This need led to the development of the Next Generation Science Standards (NGSS) by the
NGSS Lead States in 2013. Alignment with the NGSS required science instruction moving away
from a content focus, and instead gave three ideas with equal footing: Disciplinary Core Ideas
(DCIs), Science and Engineering Practices (SEPs), and Cross Cutting Concepts (CCCs;
Banilower, et al., 2013; NGSS Lead States, 2013). The NGSS called for a fundamental change in
the way science is taught in American classrooms, which facilitates developing all students’
abilities to analyze information and refine their thinking (NGSS Lead States, 2013).
Massachusetts adopted new science standards, based on NGSS, in 2016 (Massachusetts
DESE, 2016), and testing of these standards through the Massachusetts Comprehensive
Assessment System (MCAS) as the competency determination for high school graduation was
not scheduled to occur until June of 2020 (Massachusetts DESE, n.d.). As the first high-stakes
assessment of the new standards approached, teachers and students were faced with the shocking
complication of all student learning in Massachusetts becoming remote learning because of the
COVID-19 pandemic, and this was followed by the cancelation of the June 2020 MCAS
(Massachusetts DESE, 2020a).
This chapter outlines the conceptual framework undergirding the research, including my
interest and the theoretical framework supporting the study, as well as a thorough review of the
literature, including changes in science standards presented by the NGSS. The changes brought
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on by NGSS, the influence of those changes on classroom teaching and assessment practices, and
an overview of progress and impediments in other states adopting NGSS or modifying their state
science standards in response to NGSS is included. The conceptual framework, theoretical
framework, and literature review are intended to provide a basis for investigating the interplay of
these ideas and circumstances.
Conceptual Framework/Theoretical Framework
Teaching science in a public high school since 2006 and serving as the science
department head in the same school since 2017 has given me the opportunity to interact with
teachers of differing skill levels and experience. Their motivations for teaching science and their
interest in improving their skills and student outcomes vary widely. The role of the department
head includes providing teachers with professional development and evaluations of teaching. It
often encompasses coaching teachers through the process of making specific changes in response
to federal, state, and local mandates. My experiences in the classroom, at conferences, and in
leading other science teachers have demonstrated that teachers are often focused on making the
changes that either address what they believe to fundamentally important for students or what
they believe will create the best outcomes for students on high stakes assessments. These
changes are not necessarily aligned to standards. High stakes assessments are intended to
measure student progress towards specific standards, typically those adopted at the state
(Massachusetts DESE, n.d.b) or national (Neidorf et al., 2016) level, such as the Massachusetts
Science and Technology/Engineering Curriculum Framework (Massachusetts DESE, 2016) or
the NGSS (NGSS Lead States, 2013). However, the assessments teachers use in class often do
not align with the standards evaluated on high stakes assessments or the adopted standards
(Parke & Lane, 2008; Contino & Anderson, 2013). This has been particularly true with the
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change to the SEPs enumerated in the NGSS (NGSS Lead States, 2013; Kawasaki & Sandoval,
2019). Kawasaki and Sandoval (2019) attribute difficulties with making these changes to
insufficient professional development and insufficient investigative materials on hand in a
traditional science classroom.
The extant literature suggested that within the educational community there is little
understanding of what the practices of science are (McNeill et al., 2018; Pruitt, 2014). The
practices of science are often confused with hands-on learning by the public (Furtak & Penuel,
2019). It is unclear how teachers can be held to account for teaching SEPs when neither the
public nor educational leaders have a solid understanding of these practices. While teachers,
students, and parents alike deride the idea of teaching to the test (Popham, 2001), high stakes
tests provide a real source of accountability in counterpoint to social promotion when teaching
philosophies differ and educational leaders are not able to identify appropriate teaching practices
(Rader, 2016). To prepare for high-stakes tests and measure students’ progress towards meeting
standards teachers use a variety of formative assessments in their classrooms. Teachers are
uncertain about their classroom practices surrounding the SEPs (Allen & Penuel, 2015; Shapiro,
2018) and have difficulty creating assessments appropriate to the SEPs (Allen & Penuel, 2015;
Moos, 2020).
The theoretical framework for this investigation is the interconnected model of
professional growth (IMPG; Clarke & Hollingsworth, 2002). Clarke and Hollingsworth (2002)
developed a theory of teacher professional growth, including four domains: the personal domain,
the domain of consequence, the domain of practice, and the external domain. These domains
interact with each other through enactment and reflection as shown in Figure 1. The personal
domain is the teacher’s philosophy of teaching, knowledge, and attitudes. Along with the domain
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Figure 1
The Interconnected Model of Professional Growth

of practice and the domain of consequence, it makes up aspects of the change process, which are
personal to the teacher and primarily under teacher control. The domain of practice includes all
forms of teacher experimentation. It is not restricted to classroom experimentation but instead
includes all types of professional experiments. Professional experiments could also include
shared planning, professional learning communities, or recording and then reflecting on one’s
teaching. The domain of consequence includes both observed and inferred consequences from
the experiments teachers try. The external domain includes sources of information and stimulus.
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An environment conducive to change includes providing access to resources and equipment as
well as providing support and encouragement. According to the theory, the inferences drawn by
teachers based on salient outcomes are strongly dependent on the teachers’ personal value
systems and prior knowledge (Clarke & Hollingsworth, 2002).
Literature Review
The Next Generation Science Standards
The NRC (2012) determined the United States needed scientists and engineers to keep
the country competitive in international markets when it established the framework from which
the NGSS were written. Additionally, citizens required a clear understanding of science and
engineering in order to make informed decisions in daily life, such as decisions about their own
health care (NGSS Lead States, 2013), and public policy (NRC, 2012). Students needed to be
prepared college and careers. The release and adoption of the Common Core State Standards
(National Governors Association Center for Best Practices & Council of Chief State School
Officers, 2010), addressing math and English language arts, created an opportunity for the
establishment of similar type standards for K-12 science education (NRC, 2012), which reflected
the interconnected nature of science (NGSS Lead States, 2013). The NGSS Lead States (2013)
created the NGSS in 2013 in response to the needs.
The Next Generation Science Standards (NGSS Lead States, 2013) attempted to rectify
the problem of having a list of disconnected science content standards (Duschl & Grandy, 2013).
This goal was accomplished by incorporating three basic principles into the standards: DCIs,
CCCs, and SEPs (NGSS Lead States, 2012). Teaching using these three ideas together was
referred to as three-dimensional or 3-D learning (Figure 2) and was expected to help science
teachers answer the ever-present question, “So what?” (Houseal, 2016). Integrating the three
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Figure 2
A Model for the Three Dimensions of Science Learning

Note: Reprinted from A visual representation of three dimensional learning: A model for
understanding the power of the framework and the NGSS by A. K. Houseal, 2016.
dimensions in classroom lessons would be difficult but could be accomplished in many ways
(Allen & Penuel, 2015; NRC, 2012; Pruitt, 2014). Integrating the three synergistic dimensions of
science learning first required understanding the dimensions individually.
Disciplinary Core Ideas
DCIs were the dimension of the standards most closely resembling the long list of
disconnected content standards, but now these content standards were focused and limited to a
set of only 11 ideas (NRC, 2012; NGSS Lead States, 2013). The standards were arranged either
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by topic or by DCI, and the difference in those two arrangements was minimal. Arrangement of
the standards by DCI deliberately allowed the educator to perceive connections from one grade
to the next and understand a clear picture of how the ideas progress in complexity for students
beginning in the lower grades through to middle grades to high school and finally to the end-ofhigh-school core ideas (NGSS Lead States, 2013, Pruitt, 2014).
Cross Cutting Concepts
CCCs are the ideas that allow students to make connections across diverse disciplines
(Duschl & Grandy, 2013; NRC, 2012). The NGSS Lead States (2013) presented the CCCs as:
1. Patterns
2. Cause and effect
3. Scale, proportion, and quantity
4. Systems and system models
5. Energy and matter
6. Structure and function
7. Stability and change (p. 79)
The CCCs were intended to provide students with tools to assist them in engaging with new
phenomena (NGSS Lead States, 2013). Morales (2016) found teachers were unsure what to do
with CCCs when implementing the NGSS and could not identify why choosing one CCC, cause
and effect, was superior to another, stability and change, for a particular unit of study.
Science and Engineering Practices
The SEPs are the modes by which scientific knowledge is used by scientists, engineers,
and, when the standards are applied correctly, students (NGSS Lead States, 2013). The NGSS
Lead States (2013) defined the practices as:
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1. Asking questions (for science) and defining problems (for engineering)
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations (for science) and designing solutions (for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating information (p. 48)
While science teachers have been told to teach through inquiry for many years (NRC, 1996), the
SEPs expanded on this and provided clarity on what the necessary components of inquiry
learning are and how students could model their behavior on the behavior of practicing scientists
(Bybee, 2011). These practices have often been grouped into investigating, sensemaking, and
critiquing practices (McNeill et al., 2018). McNeill et al. (2018) have cited the investigating
practices as asking questions, planning and carrying out investigations, and using mathematics
and computational thinking. Additionally, McNeil et al. (2018) indicated that sensemaking
practices include developing and using models, analyzing and interpreting data, and constructing
explanations. Engaging in argument from evidence and evaluating information have fallen under
the heading of critiquing practices (McNeill et al., 2018). Many non-educators focused on
“hands-on” aspects of scientific practice without considering that sensemaking and critiquing
were important parts of what scientists did and what students needed to learn and may not have
included physically touching an experiment (Furtak & Penuel, 2019). The focus on “inquiry” in
prior standards may explain why when middle school principals were asked to describe good
science instruction, they typically focused on investigative practices but had not identified
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practices associated with sensemaking or critiquing (McNeill et al., 2018). Despite McNeil et
al.’s (2018) findings that principals identified investigating practices as good science instruction,
Alt (2018) found that investigation was the least identified teaching, learning, and assessment
practice for both teachers and students. Clear understanding of the SEPs and the pedagogy to
teach and assess them is not yet universal (Lin, 2020; Moos, 2020; Pruitt, 2014). Roehrig et al.
(2012) found that science and math teachers have the capacity to integrate engineering content
with appropriate supports. The necessary supports could be as drastic as school reorganization,
such as pairing science and math teachers into teaching teams (Roehrig et al., 2012).
Furthermore, releasing control of student learning experiences to students was difficult for many
teachers, despite it being a necessary component of student engagement in the SEPs (Kawasaki,
2015).
A Brief History of Standards Reform in Massachusetts
Numerous issues in the public education system were brought to the foreground with the
release of A Nation at Risk (United States. National Commission on Excellence in Education,
1983). Massachusetts addressed these concerns and others with the Massachusetts Education
Reform Act of 1993 which created accountability through the introduction of the Massachusetts
Comprehensive Assessment System (MCAS) and the requirement that the Department of
Elementary and Secondary Education develop statewide standards in several subjects
(Massachusetts DESE, 2017). By 2003 the graduation requirements for high school included a
competency determination most easily satisfied by passing MCAS English Language Arts (ELA)
and MCAS Math (Massachusetts DESE, 2006b). These tests were administered to high school
sophomores and were based on the Massachusetts Curriculum Framework for ELA and math,
respectively. Students who did not pass on their first attempt were given additional opportunities
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in their junior and senior years. Despite at least three attempts to pass these exams, roughly 19
percent of students were denied high school diplomas in the early years of implementation
(Lindsay, 2003). Schools were forced to make major changes to the taught curriculum (Dillon,
2010) to ensure students qualified for graduation. The MCAS Science, with tests in Biology,
Chemistry, Introductory Physics, and Technology/Engineering, was introduced in 2006
concurrent with the adoption of the 2006 Massachusetts Science and Technology/Engineering
Curriculum Framework (Massachusetts DESE, 2006a). Passing one of the MCAS science exams
became a graduation requirement starting with the class of 2010. A similar issue of students not
receiving diplomas upon completing high school occurred on a smaller scale (Lang, S.W., 2010).
The Common Core State Standards (CCSS) were intended to be a nationwide set of
standards in ELA and math, and within two and half years of their release they had been adopted
by 45 states, three territories, and the District of Columbia (Achieve, 2013). Massachusetts
adopted the CCSS for both ELA and math in fall of 2011 (Massachusetts DESE, 2010) and
planned in 2013 for a two-year transition to testing these standards with the PARCC exam
(Ujifusa, 2013). After the release of the CCSS, the NGSS Lead States wrote the NGSS in 2013 in
response to A Framework for K-12 Science Education (National Research Council [NRC],
2012). The NGSS was designed to incorporate the CCSS ELA and CCSS Math within the
context of teaching science (Bybee, 2014; NGSS Lead States, 2013). Massachusetts adopted a
modified version of the NGSS in 2016 (Massachusetts DESE, 2016).
Adoption of standards does not necessarily mean teachers will change their classroom
practices. Standards adoption is a legal procedure undertaken by a national, state, or local
education authority (Pruitt, 2014). Changes in classroom practices that is, teaching and assessing,
designed to align with new standards are the enactment of standards (Pruitt, 2014). Smith and
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Thier (2017) found that many educational leaders misunderstood the CCSS and thought it was a
curriculum. Similarly, many teachers lacked proper training and resources for teaching the CCSS
as many as three years after their adoption (Smith and Their, 2017). Inadequate time for
professional development on the CCSS, to vet resources (Smith & Thier, 2017), and for
professional collaboration and planning (Ruchti et al., 2013) hindered classroom enactment.
These findings about inadequate time align well with the findings of Coburn (2001), which
showed teachers interpret and transform educational policies as they enact them in their
classrooms based on the work they do with colleagues to make sense of the policies. Similar
barriers have been found in the implementation of NGSS (Pruitt, 2014).
Differences Between the 2006 STE Framework and the 2016 STE Framework
The Department of Elementary and Secondary Education in Massachusetts chose to make
adaptations to the NGSS rather than adopting them directly. The Massachusetts Science and
Technology/Engineering Curriculum Framework (2016) included DCIs and SEPs but mentioned
CCCs only as a suggestion (Massachusetts DESE, 2016). While the 2006 Massachusetts Science
and Technology/Engineering Curriculum Framework (Massachusetts DESE, 2006a) included
Scientific Inquiry Skills standards at the end of each set of high school standards, no such inquiry
skills standards were included for elementary or middle school standards. The 2016 STE
Framework created significant change, as the 2006 STE Framework did not have any emphasis
on science practices from pre-kindergarten to middle school, and the 2016 STE Framework
created a practices-focused curriculum in high school. The change was a dramatic shift for
students entering high school in the first years of implementation. DiBiase and McDonald (2015)
indicated that teachers do not believe teaching science as inquiry helps prepare students for endof-year assessments and that inquiry is rarely tested on standardized tests. It will take time for

24

teachers to fully enact the teaching and assessing of SEPs at every level and for those students to
advance to high school, where their teachers may detect their proficiency with the SEPs
regardless of end-of-year assessment results. Adding to the complexity in making the transition
to the new standards was the delay in testing these standards at the high school level until the end
of the 2019-2020 school year (Massachusetts DESE, n.d.), because teachers were forced to teach
a content driven curriculum to students to prepare them for their high school competency
determination rather than begin the transition to the new standards.
NGSS Adoption, Implementation, and Teaching and Assessment in Other States
Adoption
Adoption of NGSS standards, or lack thereof, falls into three thematic categories: Direct
Adoption of NGSS, Adoption of New Science Standards Highly Influenced by NGSS, and Did
Not Adopt NGSS as shown in Table 1. States who modified the NGSS fell into two broad
categories. States which amended the content standards because of objections related to the
presence of climate change, the big bang, or evolution in the standards and states which chose to
embrace some, but not all, of the dimensions (DCIs, SEPs, CCCs) of the standards. Some states
also added state-specific content to the standards (Wisconsin, Arizona, Alaska, North Dakota,
and Minnesota), such as standards on the nature of science (Wisconsin DPI – Resources for the
Field, 2018) or clarification statements grounded in local wildlife, ecology, or geography (Alaska
Board of Education and Early Development, 2019). States which did not fully embrace the 3-D
approach in the standards often deemphasized the CCCs (Massachusetts, Alabama, Indiana,
Nebraska, and Mississippi) or deemphasized both the CCCs and the SEPs (West Virginia,
Missouri, Georgia, Montana, Tennessee, and Idaho). The NGSS were created with the intention
of being adopted as is. A nationwide adoption was expected to facilitate sharing of materials not
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Table 1
State by State Adoption Choices for NGSS
Direct Adoption of
NGSS

Rhode Island
Kentucky
Kansas
Maryland
Vermont
California
Delaware
Washington
District of Columbia
Illinois
Nevada
Oregon
New Jersey
Arkansas
Iowa
Connecticut
Michigan
Hawaii
New Hampshire
New Mexico
Maine

Adoption of New Science Standards Highly
Influenced by NGSS
Changes Made to
Did Not Take 3D
Content in Standards
Approach
Oklahoma
West Virginia
South Carolina
Alabama
South Dakota
Indiana
New York
Massachusetts
Louisiana
Missouri
Wisconsin
Georgia
Wyoming
Montana
Colorado
Tennessee
Arizona
Idaho
Utah
Mississippi
North Dakota
Nebraska
Alaska
Minnesota

Did Not Adopt NGSS

Florida
North Carolina
Ohio
Pennsylvania
Texas
Virginia

only within, but across state lines (Pruitt, 2014).
Teaching and Assessing NGSS in the Classroom
Local changes in teaching and assessment of NGSS or standards based on NGSS, at a
district or school level, relied on teachers to develop new curriculum, as these standards did not
provide a curriculum, but instead identified performance expectations which could be taught in
any number of ways (NGSS Lead States, 2013; Pruitt, 2014). The performance expectations
integrated all three dimensions of the NGSS, DCIs, SEPs, and CCCs (Allen & Penuel, 2015;
Duschl & Grandy, 2013; NGSS Lead States, 2013). As noted by Pruitt (2014) if states adopted
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the NGSS without modification, curriculum development work done by teachers in one region of
the country could be easily transferred to other regions. However, for states which chose to
modify the standards before adopting, this transfer of curriculum units and lessons is less
realistic. In Nebraska, some middle school units have been developed, shared, and reviewed for
both alignment with the NGSS based Nebraska state science standards and teacher usability
(Smith, 2018). Smith (2018) found teachers felt they needed support in 3-D teaching, content
knowledge, and developing their units.
Teachers have experienced difficulty transitioning classroom teaching and assessment
practices to align with NGSS in states that did not modify the standards before adoption. In
Hawaii, Lin (2020) found middle school teachers did not have a clear understanding of what the
NGSS meant for daily classroom teaching and assessment. Likewise, in California, Wilde (2018)
found that high school science teachers had limited confidence in their instructional practices
associated with teaching the NGSS but were less confident in their assessment practices.
Teachers felt this way despite believing they have received adequate professional learning
opportunities on both instructional and assessment practices (Wilde, 2018). Moreover, Kawasaki
and Sandoval (2020), conducted research on science teacher perspectives of their alignment of
their teaching and assessment practices to the NGSS two to six months after a 3 day (18 hours)
professional development session and whether their perspectives conformed to the perspectives
of the researchers. Kawasaki and Sandoval’s (2020) study in the southwest United States found
these teachers underestimated the changes they needed to make in their teaching to meet the
requirements of the NGSS. Similar to the findings of Moos (2020), Kawasaki and Sandoval
(2020) found teachers believed teaching and assessment should still be primarily focused on
DCIs, rather than incorporating these discrete content facts into a more NGSS aligned, 3-D
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approach to teaching and assessing science. Kawasaki and Sandoval’s (2020) results correspond
with Shapiro’s (2018) findings across 19 NGSS adopting states that teachers’ beliefs on the
practicality of aligning their teaching and assessing with NGSS were negatively affected by the
state continuing high stakes testing aligned with the old standards. However, this factor did not
have as strong an influence on their perception of the practicality of NGSS as the degree to
which their current teaching practices were already aligned with NGSS (Shapiro, 2018).
Regardless of reticence on the part of some veteran high school teachers in Kansas towards
enacting NGSS teaching and assessment practices, Krebs (2019) found all the teachers she
observed were teaching CCCs and SEPs in their classrooms.
Research specifically centered on teaching and assessing the SEPs aligns with the more
general research on NGSS enactment. Friedrichsen and Barnett (2018) have shown that even an
experienced professional learning community had difficulty creating assessments which reflected
3-D learning and a struggled with giving up content to focus more on SEPs. When professional
development was provided to assist teachers in negotiating the transition to a practices-based
curriculum, it often was insufficient. Cisterna and Gotwals (2018) observed that even when
learning targets including the SEP ‘explanation’, they often were only focused on content
definitions. This aligned with Hagberg’s (2020) findings, in Georgia, that teachers who were
given professional development in the SEPs cited a need for more time – in professional
development, for curriculum development, planning, and collaboration, to make sense of the
SEPs. Hagberg (2020) found some teachers had found that creating assessments for SEP 7,
Argumentation from Evidence, was relatively easily accomplished by modifying existing
activities and relying on previous knowledge of the Claim, Evidence, Reasoning model from the
Common Core State Standards, but that assessment of progress on other SEPs was less obvious.
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While revising existing lessons made shifting instructional and assessment practices to
incorporate SEPs easier (Hagberg, 2020), Cisterna and Gotwals (2018) observed that half of
teachers in their midwestern study still primarily gave students correct answers as feedback on
formative assessment, rather than evaluative or descriptive feedback. This supports the findings
of Kawasaki and Sandoval (2019) in which teachers reverted to being the authority on scientific
concepts rather than letting students operate as authorities when teaching and assessing the SEPs.
Similarly, revision of existing assessments creates an opportunity for an assessment organized
around DCIs, CCCs, and SEPs to assess individual components in a way that does not address an
overarching phenomenon or assessing the components in an integrated manner (Alonzo & Ke).
Conclusion
NGSS or NGSS based standards have been adopted by only 44 states, comprising 71% of
students in the United States (National Science Teaching Association, 2014). New teaching and
assessment practices are necessary to incorporate the SEPs into curricula and give them equal
prominence as DCIs. Promoting the use of teaching strategies and assessments which are
appropriate to the new standards and also improve learning for all students is imperative. SEPs
are difficult for teachers to assess appropriately in their classrooms. However, they are at the
forefront of the modern conception of science teaching. Even excellent teachers have difficulty
teaching and assessing the SEPs. Several authors (Buzick, 2019; Glenn, 2019; Moos, 2020; Russ,
2020) cite the need for further research into teacher perceptions of making the transition in
teaching and assessment practices centered on the SEPs. Increased importance of the SEPs, to
the same level as DCIs, is expected by the 2016 STE Framework, which is Massachusetts
adapted version of the NGSS.
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CHAPTER 3
METHODOLOGY
In this qualitative study I have explored Massachusetts high school science teachers’
perceptions of transitioning from teaching and assessing science content with the help of science
practices to teaching and assessing science and engineering practices (SEPs) in the context of
disciplinary content. These changes were required because Massachusetts adopted the 2016
Massachusetts Science and Technology/Engineering Curriculum Framework (2016 STE
Framework; Massachusetts DESE, 2016), based on the Next Generation Science Standards
(NGSS). The previous iteration of the standards, 2006 Science and Technology/Engineering
Curriculum Framework (2006 STE Framework; Massachusetts DESE, 2006a), outlined an
approach to teaching science which was focused on disciplinary content and suggested the use of
scientific inquiry practices as part of the pedagogy used to teach these facts. While the 2016 STE
Framework was released in late 2016, the first high-stakes testing, at the high school level, of the
new was initially scheduled for June of 2020, then canceled, then scheduled for June of 2021.
However, the fully transitioned standards are now scheduled for testing in June of 2022. Thus,
Massachusetts high school science teachers were faced with the decision to transition to the 2016
STE Framework early and risk their students not passing the MCAS exam or delay their
transition until leaders at the Massachusetts DESE officially signaled a change in testing was
imminent.
Most teachers experiencing this change in focus of the frameworks completed their
formal teacher education before the NGSS (NGSS Lead States, 2013) were created (Banilower et
al., 2018) in 2013 and even more completed their formal training before Massachusetts adapted
the NGSS to create the 2016 STE Framework (Massachusetts DESE, 2016). Experience creating,
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augmenting, and transforming curricula varies widely between teachers (Moos, 2020) as does the
desire to complete these tasks in an era of accountability (Allen & Heredia, 2021). The changes
required to teach the 2016 STE Framework represent both a pedagogical and philosophical shift
for high school science teachers (Allen & Heredia, 2021).
In this chapter, I describe a methodological approach used to examine Massachusetts
high school science teachers’ experiences with making this transition. The primary aim of this
Interpretative Phenomenological Analysis (IPA) was discerning the essential perceptions
common to those experiencing the phenomenon of teaching and assessing during the state’s
implementation of the new standards. Additionally, I looked for meaning in the differences in the
lived experiences of these teachers. Castronova and Chernobilsky (2020) indicated the need for
further research into the experiences of teachers at specific grade levels vis-à-vis their thinking
regarding teaching and assessing of NGSS aligned curricula. Making this pedagogical change
was expected to be complex, and some of the shifts will be confusing for teachers, or the
differences between current and new teaching methods may be unclear to them (Allen &
Heredia, 2021; Pruitt, 2014). Moustakas (1994) stated the purpose of phenomenological research
is to determine what an experience means to those who have experienced a phenomenon and
derive meaning from the individual descriptions of the experiences. Furthermore, IPA is an
appropriate strategy of inquiry for complex and ambiguous topics (Smith & Osborn, 2015). The
change in science standards in Massachusetts is a complex phenomenon for which the
implementation time, the time from when standards adopted to when high stakes testing will
begin (Pruitt, 2014), has been scheduled to be more than five years. I sought to understand what
Massachusetts high school science teachers experienced and how they perceived the shifts they
had already made in their teaching and assessment to meet the requirements of the 2016 STE
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Framework. The description of the lived experiences of several individuals as related to a
specific phenomenon to make explicit the common themes that the individuals experience rather
than what is expected, conceptualized, or taken for granted is the basis of phenomenological
study (Bynum & Varpio, 2018; Leavy, 2014). “Understanding, which is the goal of
phenomenology, can lead to explanation; but explanation, the province of empirical research, can
never furnish understanding” (Dukes, 1984, p. 202). Therefore, a phenomenological approach
was appropriate to meeting the needs of this study. The remainder of this chapter contains my
outline of important details of the research design and methodological processes used in this
study.
Purpose of the Study
The purpose of this interpretative phenomenological analysis was to capture the lived
experiences and perceptions of Massachusetts high school science teachers in how they make the
transition to teaching and assessing SEPs using content instead of teaching disciplinary content
facts through various methods, including scientific inquiry practices. Prior to the adoption of the
2016 STE Framework, the standards, 2006 STE Framework, focused on teaching content and, at
times, teaching scientific inquiry skills in parallel or in conjunction with this content
(Massachusetts DESE, 2006a). The existing literature primarily focuses on which strategies are
most effective in teaching students or direct impacts of teacher professional development. But
the body of knowledge on how teachers experience making the needed pedagogical shifts when
new standards are adopted was scant (Matlock et al., 2016). My goal was to explore how
teachers perceived the changes they have made in their classroom practices, both in teaching and
assessment, as well as their perceptions of the effects of changes in MCAS testing.
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Research Question and Design
Research Question
What are high school science teachers’ perceptions of the transitions in teaching and
assessment related to Massachusetts’ adoption of standards based on the Next Generation
Science Standards?
Theoretical Framework and Research Design
The Interconnected Model of Professional Growth (IMPG; Clarke & Hollingsworth, 2002) was
the theoretical framework for this study. The IMPG comprises four domains which interact
through teacher enactment and teacher reflection – the external domain, the domain of practice,
the domain of consequence, and the personal domain (Figure 3). The domain of consequence in
the IMPG is concerned with the perceptions of the salient outcomes of new practices undertaken
as part of the domain of practice. Adams and Manen (2008) explained that phenomenology is not
exploring the world, per se. It is instead exploring how the world appears to people (Adams &
Manen, 2008). Because both phenomenology and the IMPG are focused on the perceptions of
outcomes, not on objectively measured outcomes, phenomenology is a useful methodology in
exploring teacher professional growth in response to the external stimulus of the adoption of new
state inquiry-based instruction in a one year/six-lesson, case study of one fifth grade science
teacher using video supported collaborative reflection as the external stimulus. Lebak (2016)
confirmed that further research is necessary to understand teacher change related to inquiry
instruction. Coenders and Terlouw (2015) used the IMPG as the theoretical framework for their
study on the effects on teacher beliefs of creation and enactment of new chemistry curriculum
compared with the effects of only enacting the new curriculum. Clarke and Hollingsworth (2002)
indicated there is a difference between teacher professional change, a short-term phenomenon
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Figure 3
The Interconnected Model of Professional Growth - Adoption of 2016 STE Framework

Note: Adapted from Elaborating a model of teacher professional growth by D. Clarke and H.
Hollingsworth, February 25, 2002, https://doi.org/10.1016/S0742-051X(02)00053-7.
which is the immediate response to an external stimulus, and teacher professional growth, which
is long lasting teacher change. While this study has captured one moment in time, because the
implementation process has been ongoing since late 2016, it is likely teachers were able to
identify their perceived long-term changes and explicate their experiences in making these
changes.
External Domain
Use of the IMPG in previous studies of science teacher change have largely relied on
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professional development activities as the outside stimulus of the external domain (Friedrichsen
et al, 2021; Justi & van Driel, 2006; Kafyulilo et al., 2015; Ketelhut et al, 2019; Lebak, 2016;
Voogt et al., 2011). However, prior studies have used external stimuli other than professional
development when using the IMPG as the theoretical framework for research. These include
teaching professional development (Hayes, et al. 2017), working with a curriculum design team
(Friedrichsen et al., 2021), collaborative reflection with other teachers on attempts to enact
inquiry-based practices (Lebak, 2016), and presentation of a variety of materials and contentbased documents, curriculum development, meetings with other teachers, and expert coaching
(Coenders & Terlouw, 2015). Clarke and Hollingsworth (2002) explicitly defined the external
domain as, “sources of information, stimulus or support” (p. 950), and they noted that it is
different from the other three domains because it is “outside of the teacher’s personal world” (p.
951).
Domain of Practice
Clarke and Hollingsworth (2002) defined the domain of practice as all forms of
professional experimentation, not just classroom experimentation. However, most of the research
on science teachers which has employed the IMPG as a theoretical framework, relied exclusively
on classroom teaching as the domain of practice (Coenders &Terlouw, 2015; Friedrichsen et al.,
2021; Hayes et al, 2017; Hayes et al., 2021; Justi & va Driel, 2006; Ketelhut et al., 2020; Lebak,
2016; Voogt et al., 2011). Kafyulilo et al. (2015) used a combination of teachers’ classroom
practices and their participation in professional associations as the domain of practice in their
research on technology enhanced science lessons. It would not be unreasonable to classify the
work of creating classroom materials or the writing of curriculum documents as part of the
domain of practice – professional experimentation.

35

Domain of Consequence
The domain of consequence includes all salient outcomes or changed perceptions of
salient outcomes of the external stimulus and professional experimentation (Clarke &
Hollingsworth, 2002). These often include student learning outcomes (Coenders & Terlouw,
2015; Hayes et al., 2017; Justi & van Driel, 2006; Kafyulilo et al., 2015; Ketelhut et al., 2020;
Voogt et al., 2011), student motivation or engagement (Hayes et al., 2021), and teacher outcomes
including their control (Friedrichsen et al., 2021; Kafyulilo et al., 2015; Ketelhut et al., 2020;
Voogt et al., 2011). It is important to reiterate that some of these salient outcomes cannot be
objectively described and rely largely on teacher perceptions and reflections, which are
influenced by teacher beliefs (the personal domain) as well as professional experimentation (the
domain of practice).
Personal Domain
The personal domain constitutes teachers' beliefs, knowledge, and attitudes (Clarke &
Hollingsworth, 2002). Studies utilizing the IMPG as a theoretical framework sometimes look at
these characteristics in a general way (Coenders & Terlouw, 2015; Hayes et al., 2017; Hayes et
al., 2019; Lebak, 2015; Voogt et al, 2011), but researchers also examine beliefs, knowledge, and
attitudes related to specific aspects of teaching. For example, Kafyulilo et al. (2015) specifically
considered teachers knowledge and skills related to integrating technology in science lessons.
Similarly, Ketelhut et al. (2020) focused on teachers’ perceived value of computational thinking.
While focusing on subject specific teacher beliefs, knowledge, and attitudes is viable, it is likely
these relate to their broad philosophy of teaching and pedagogical knowledge.
Site Information and Demographics/Setting
This multi-site study included high school science teachers from four comprehensive
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high schools in southeastern Massachusetts who were actively making or had already made the
transition in classroom practices from the 2006 STE Framework to the 2016 STE Framework.
The targeted population was sought due to their common experience with the required transition
in teaching and assessment pursuant to the changes in the state standards. Participants in the
study were recruited from multiple suburban southeastern Massachusetts public high schools.
These schools typically have lower percentages of their student population than the state as a
whole in the categories of First Language Not English, English Learners, Students with
Disabilities, High Needs, and Economically Disadvantaged (Massachusetts DESE, 2021b). The
state average for students whose first language is not English was 23.4 %, whereas the average
for the schools from which participants were recruited was 12.8 %. For students who were
English learners, the state average was 10.5 % and the average for the participating schools was
2.3 %. Massachusetts averaged 18.7 % of students with disabilities and the average for the
selected schools was 15.6 %. The students in the schools from which participants were drawn
had an average of 32.1 % students with high needs compared to the state average of 51.0 %.
Students who were economically disadvantaged in the schools where the teachers in this study
taught comprised 20.5 % of the population, whereas students who were economically
disadvantaged statewide average 36.6 % of all students.
Suburban southeastern Massachusetts public high schools also typically had higher
graduation rates and higher standardized test scores than the average school in the
commonwealth at the time of the study (Massachusetts DESE, 2021b). Suburban high schools in
Massachusetts were typically small, between 500 and 1200 students, compared to urban high
schools, often between 1500 and 4000 students (Massachusetts DESE, 2021b). Suburban high
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schools were often the only high schools in their district, whereas many urban districts had
several high schools in one city in the summer of 2021 (Massachusetts DESE, 2021b).
Smaller school districts in Massachusetts often used professional development in tandem
with development of curriculum materials (H. Paul Metcalf, personal communication, December
11, 2019). Collaborative development of curricular materials has been analyzed as a domain of
practice and found to foster both teacher change and teacher growth (Voogt, et al., 2011). Small
suburban sites were used intentionally because they had multiple factors which could contribute
to teacher change and teacher growth, such as opportunities for individual teachers to develop
curricular materials (Voogt, et al., 2011), opportunities for collaborating and working as a
community such as professional learning communities (Brunetti & Marston, 2018; Feille, et al.,
2018), mentoring programs (Keiler, et al., 2020; Petzke, 2009) and reflective practices (Keiler, et
al., 2020; Petzke, 2009). A homogeneous sample was used to create a deep understanding of the
research phenomenon, the transition of teaching and assessing, in the specific context of
suburban public high schools (Creswell & Guetterman, 2019; Etikan et al., 2016).
Participants/Sampling Method
Interpretative Phenomenological Analysis is concerned with detailed analysis of a small
sample of a population (Smith & Osborn, 2008). This small sample does not lend itself to
random or representative sampling. IPA instead relies on purposeful sampling of a group with
tightly defined characteristics (Smith et al, 2008). Because this group has carefully defined
characteristics, including experience with the phenomenon under research, the research is
significant to the participants (Smith & Osborn, 2008; Etikan et al., 2016). The perceptions of
teachers were expected to vary between sites and within sites. This variation added to the
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richness of the data and allowed me to find both commonality and difference from which to
derive meaning for the study (Finlay, 2012).
Purposeful sampling was used to invite Massachusetts high school science teachers to
participate in this interpretative phenomenological research. Purposeful sampling requires
participants to meet predetermined specific criteria to be identified as members of the target
population (Creswell & Guetterman, 2019). There were three predetermined criteria required for
this study: holding a Massachusetts initial or professional high school level teaching license in a
science discipline (Biology, Chemistry, Earth & Space Science, Physics, or
Technology/Engineering), teaching a science course defined in the 2006 STE Framework at the
high school level in Massachusetts for at least two years, and teaching the same course, the
standards for which are set forth in the 2016 STE Framework (Biology, Chemistry, Introductory
Physics, Technology/Engineering).
There is no correct answer to what the sample size should be. Giorgi (2008) indicated
there are diminishing returns in what can be learned from phenomenological research when
attempting to study large numbers of participants and suggested 30 participants as an upper limit
and three participants as a minimum. Similarly, Dukes (1984) recommend using between three
and ten participants. I recruited seven participants for this study. After initial analysis of the data
acquired from these participants, I determined I had reached saturation. That is, I did not need to
interview additional participants because it would only create redundancy in the data and not
reveal new information (Bowen, 2008).
Access to possible participants was obtained by first requesting, via email, district
superintendents give site permission for participant recruitment (Appendix A). After securing
site permission, I sent an email to principals notifying them of my intent to recruit participants
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for the study (Appendix B). I then emailed teachers individually to recruit them to participate in
the study (Appendix C).
Instrumentation and Data Collection
My goal in this study was to explore how Massachusetts high school science teachers
perceived their experiences with the transition from teaching and assessing the 2006 STE
Framework to teaching and assessing the 2016 STE Framework based on the NGSS. While
classroom observations and analysis of curricular materials, might have revealed the facts of
what is taking place in teachers’ classrooms, they could not reveal the lived experiences of the
teachers or what they perceived to be taking place. Interviews and observational notes during the
interviews could reveal teachers lived experiences and perceptions and were used in this study.
Interviewees were provided informed consent to participate in the interview, its recording,
transcription and secure storage, and analysis of the interview for publication as part of this
investigation. The informed consent documented (Appendix D) the purpose and scope of the
study, each participant’s right to terminate participation in the study at any time, the methods
used to protect their confidentiality, and who to contact should they have any questions about the
study or their rights in the future. The interviews were conducted remotely using video
conferencing. Remote interviewing facilitated ease of recording, using the recording feature in
Zoom, (though a backup recording was also be used) and enabled collection of data despite the
ongoing pandemic. Interviews were transcribed using the Microsoft dictation tool and manual
review. Both the initial recordings and the transcripts were stored securely on my passwordprotected personal computer, not on the cloud, in password-protected files, and backed up on
flash drives in password-protected files which only I was able to access.
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The interview protocol (Appendix E) included questions which captured teacher
experiences and perceptions in each of the four domains of the IMPG, as well as demographic
information and information about how each participant’s school is organized. Figure 3 depicts
the IMPG and shows the stimulus in this study, the external domain, is the state adoption of the
2016 STE Framework based on NGSS. Questions relating to the external domain related to
perceptions of the change in emphasis related to elevating the importance of SEPs relative to
DCIs. The second domain, the domain of practice, required questions which revolved around
activities related to teaching and assessing the SEPs and individual and collaborative curriculum
development for this purpose. The third domain, the domain of consequence, had questions
associated with perceived student outcomes. These included student learning and performance on
assessments with equal focus on DCIs and SEPs. The fourth domain, the personal domain,
including perceptions of changes in beliefs and knowledge about the standards and classroom
practices, was the interview protocol's opening and closing.
Based on research by Louw et al. (2011) and Smith et al. (2009), conducting interviews is
particularly challenging for novice researchers. I used semi-structured interviews composed of
open-ended questions to elicit responses from study participants. The purpose of using a semistructured interview protocol was to allow each interviewee’s responses to help guide their
interview to reveal their lived experiences and perceptions. I was unaware of the experiences of
the participants in advance of the interviews. The semi-structured format allowed me to make
adjustments based on responses to capture the details of the participants’ lived experiences and
perceptions. Louw et al. (2011) indicated it is important for a researcher to build on opportunities
as they arise during interviews and to respond thoughtfully to interviewees’ answers throughout
the interview sessions in order to fully explore the participants’ experiences and build rapport.
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This is important as Smith et al. (2009) explained that the most important interview component
at the onset of the interview is the establishment of rapport. Rapport and trust were needed to
elicit honest and detailed responses capturing the lived experiences and perceptions of the
participants. Follow-up interviews were conducted so participants could clarify their original
answers after seeing them in the written transcripts and to allow participants to verify interview
transcripts accuracy.
I wrote detailed observational notes immediately following each interview because they
are a useful tool in creating a full picture of a participant’s responses during the interview
(Bailey, 2007; Giorgi & Giorgi, 2008). All interviews were audio-visually recorded both through
Zoom combined with using my cell phone. This facilitated making thorough observational notes
because of the ability to review the recording for details.
Data Analysis
Collected interview data were transcribed into a Microsoft Word file with the aid of the
dictation tool. Transcription of the interview recordings took place within 48 hours of each
interview. The purpose of the manual transcription was to familiarize myself with the content of
the interviewees’ answers in alignment with Smith et al.’s (2009) recommendation that a
researcher read and re-read the data to become immersed in it. Member checking of the
transcripts for accuracy was part of the follow-up interviews and occurred prior to coding to
ensure coding and analysis accurately reflected the perceptions and experiences shared by the
participants. Creswell and Miller (2000) “define validity as how accurately the account
represents participants’ realities of the social phenomena,” (p. 124) and go on to explain how
participants add credibility to qualitative studies when they react to the raw data.
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Interviews were analyzed through multiple rounds of thematic coding. Frequency
counting is not the same as finding the essence of an experience, and van Manen (1990) was
clear that in phenomenological research, themes are “structures of experience” (p. 79).
Therefore, I manually coded the transcripts seeking commonality of perceptions as well as an
understanding of the rich diversity participants may describe. The first round of thematic coding
focused on finding general themes. The second round of thematic coding used the lens of the
IMPG for data interpretation. In the second round, I purposely looked for themes related to the
domain of practice, for example, pedagogy, strategies, activities, and innovations related to the
external stimulus of the adoption of the 2016 STE Framework. Similarly, I looked for themes
related to the domain of consequence, such as perceived student outcomes. In the personal
domain, I will looked for themes pertaining to how teacher experiences related to their beliefs
about teaching the SEPs and how teachers perceived these beliefs have changed over time.
The process of manually coding the transcripts and seeking commonality of experience
followed that outlined by Smith et al. (2009) for interpretative phenomenological analysis.
First, I read and re-read the transcripts as well as the observational notes. Recording first
impressions during the transcription process as well as the reading and re-reading enabled me to
accomplish some initial bracketing while becoming thoroughly familiar with the data (Smith et
al., 2009). I read my bracketing notes before proceeding to the initial noting on a subsequent
round of reading the transcripts and observational notes to remind myself how not to let my
personal bias influence the data analysis. I added to my bracketing notes and impressions after
the initial noting. The initial notes differed from the impressions recorded for bracketing
purposes and instead represented the first detailed analysis of the data. Smith et al. (2009)
recommended making notes on the transcript about what the participant explicitly says is
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meaningful to them, the language they used to describe this, the context, and the similarities and
differences in what a participant indicates at different points within their interview. To develop
emergent themes from the initial notes, I needed to shift my focus from the transcript to my notes
on the transcript. I developed concise phrases that encapsulated what was important about
sections of the text and also related it to the overall message being conveyed. Once the emergent
themes were developed, I searched for connections across the emergent themes. This level of
analysis was guided not only by the IPA process but by the theoretical framework. Because the
theoretical framework for this study was also concerned with understanding connections between
specific concepts, the four domains, it served as a guide in searching for connections. This was
part of the contextualization called for by Smith et al. (2009).
After the participants were analyzed individually, I looked for themes and patterns across
the participants. Because the number of participants was small, I waited to carry out this step
until all the individual participants were interviewed and the analysis of each individual
transcript occurred (Smith et al., 2009). Despite the small sample size, I was able to identify
recurrent themes in the data.
Limitations, Delimitations, Ethical Issues
This methodology had several limitations and delimitations. While focusing on the details
of the lived experiences and perceptions of a small number of study participants is the purpose of
IPA research (Smith & Osborn, 2008), it is important to recognize the limits this narrow focus
created. The small number of proposed participants combined with purposive sampling, which
excluded teachers from urban school districts, private schools, vocational schools, and large
suburban districts, means the results are not generalizable to the population of Massachusetts
high school science teachers as a whole; but this is not the purpose of qualitative research (Guba
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& Lincoln, 1989), particularly phenomenology (Smith et al, 2008). Additionally, new teachers,
unlicensed teachers, and those who did not teach the same subject before the change in the
standards will be less likely to find the results applicable to them.
I understand as the researcher, I may have unconscious biases which may not have
allowed the true lived experiences of the participants speak for themselves and instead
involuntarily led interviewees to answers I expected or wanted to hear. I attempted to avoid this
“pink elephant” bias as described by Morse and Mitchum (2002), by leaning into my biases,
recording them in bracketing notes, and acknowledging them before each successive round of
interviewing and analysis. This defines the difference between an interpretative or hermeneutic
phenomenological analysis and a transcendental phenomenological analysis (Finlay, 2012). Rolls
and Relf (2006) advocated for bracketing throughout the research process. A component of
leaning into the biases and accepting that bracketing is "something that can only partially
achieved” (Smith, et al., 2009) was acknowledging my preconceptions before entering each
interview and then focusing primarily on the participant rather than myself. This included
considering what interview responses might trigger a personal emotional response on my part
(Rolls & Relf, 2006). Smith, et al. (2009) noted that focusing on the interviewee’s words allows
you to set aside, your pre-existing ideas and allow your curiosity and questioning to focus on the
participant’s words, not your hunches or assumptions. Once the interviews were complete,
bracketing continued through data analysis. Tufford and Newman (2012) discussed the careful
balance between bracketing preconceptions and using them to focus the analysis. This aligns
with Finlay’s (2012) concern that too much reflexivity creates researcher preoccupation with
their biases. In this study I used reflexive journaling throughout the process to help bracket my
preconceived ideas and to contribute to my audit trail, discussed below.
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An additional limitation was my status as a high school science teacher. If someone with
a different background were asking the same questions, the participants might have given
different answers (Patton, 1999). This could have come from the expectation of a common
experience or a desire to create a favorable opinion with a researcher who was an expert in the
specific teaching field.
Finally, the way this study is situated in time was a limitation. I conducted this study
during the COVID-19 pandemic. Public schools in Massachusetts did not convene under
standard operating procedures during this time. Mandates on social distancing and classroom
hygiene, for schools which had any form of in-person instruction, may have influenced teachers’
perceptions of their teaching during this time because these mandates limited what activities
could be conducted. For example, requiring students to remain six feet apart and facing the same
direction in rows (Massachusetts DESE, 2021a) limited lab activities. Similarly, teachers who
were in a remote teaching environment during the pandemic will have had to make changes to
their teaching, which may have brought them further into or out of alignment with the 2016 STE
Framework and impacted their perceptions of the transition.
A delimitation of this study also concerns time. I chose to only interview teachers at one
moment in time, with a follow-up interview shortly thereafter. This follow-up interview was
scheduled within a week of the initial interview and consisted of clarifying questions and
transcript verification. While this study captured one moment in time, because the classroom
enactment process has been ongoing since late 2016, teachers were likely encouraged to identify
their perceived long-term changes and explicate their experiences in making these changes. I
chose to trust teachers to remember and share with fidelity how this process occurred and how
they perceived their experiences up until the point of the interview.
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Protecting study participants' rights, safety, and confidentiality is the primary ethical
consideration in any research design (Bloomberg & Volpe, 2008). One way I protected the
rights, safety, and confidentiality of study participants in this study was through a clear
description of the recruitment, interview, data analysis process, purpose, and requirements of
participation during the first contact with participants. Additionally, the confidentiality of any
districts or schools was protected by clearly describing the same when first obtaining permission
to recruit study participants. All participants signed informed consent forms, which were
approved by the University of New England institutional review board. The participants’
physical safety was not compromised by the study as they were answering interview questions.
Any concerns about physical safety stemming from COVID-19 were addressed by conducting
the interview via Zoom. Confidentiality was maintained by removing names from transcripts
(participants were asked to choose a pseudonym at the beginning of the interview process),
destruction of the recorded interviews, and password protecting of all files, none of which were
stored on the cloud. Participants were free to ask questions and opt-out at any time.
Trustworthiness
The trustworthiness of the data and subsequent results was influenced by the biases of the
participants. Each teacher had pre-conceived ideas about the 2016 STE Framework based on
NGSS. Number of years of service, previous experiences with changes in the curriculum
framework, experience with the MCAS exam, and personal background contributed to the
participants’ perceptions of their transitions in teaching and assessment and how they
communicated these perceptions. The interpretations of the similarities and differences in
experiences between all participants define the hermeneutic nature of the study. By giving all
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participants the opportunity to critique and correct the results, the hermeneutic process is
complete and has provided trustworthiness to the results (Guba & Lincoln, 1989).
Credibility
Credibility concerns whether a study’s results are congruent with reality (Merriam &
Tisdell, 2016). Ratcliffe (1983) pointed out that observers always inherently change the system
they are observing, and this is particularly true for phenomenologists. Thus, the credibility of this
study is difficult to establish because it is a phenomenology. As described by Guba and Lincoln
(1982) and Patton (1999), triangulation of sources was used. This method of data triangulation
included using a variety of data sources, that is, participants from multiple sites. Participants with
different levels of experience and experience teaching different science courses were
interviewed, further enriching the data sources. Additionally, triangulation using observational
notes to confirm interview responses was used. Guba and Lincoln (1989) indicated that data
triangulation should be about verifying the veracity of specific facts, not their interpretation.
Participants for this study came from a wide range of backgrounds, and despite teaching in
schools of similar size and demographics, school cultures vary between sites. These factors could
have contributed to the disparity in the interview responses making distilling the teachers'
perceptions to common essential components of the phenomenon difficult. However, the data
converged, and so the purpose of the study was fulfilled, and thus the credibility of the data
established (Patton, 1999). Similarly, expressly pointing out where the data did not converge and
did not meet my expectations provided further credibility to the study (Bloomberg & Volpe,
2008).
Creswell and Miller (2000) stated the importance of member checks as part of creating
credibility in the data and defined two forms of member checking; both were applied here. First,
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transcripts of interviews were member-checked by interviewees in follow-up interviews.
Creswell and Miller (2000) defined and recommended a second form of member checking, also
recommended by Bloomberg and Volpe (2008). The second form of member checking is sending
findings to participants to check if the researcher’s findings are realistic and accurate (Creswell
& Miller, 2000; Bloomberg & Volpe, 2008). A summary of the findings was sent to participants
for verification that the results were realistic and accurate. According to Guba and Lincoln
(1989), if the member checking process yields no challenges to the interpretations of the facts,
only disputes of the facts or errors in the transcripts, it demonstrates how a hermeneutic process
can one which has integrity and is credible.
Transferability
The focus of this study was suburban high school science teachers in Massachusetts.
However, the change in standards and resultant change in teaching and assessment is a
phenomenon which is intended to occur at all levels nationwide in accordance with the Next
Generation Science Standards (NGSS Lead States, 2013). The results of this study may be
transferable to other high school teachers in Massachusetts or in other states which have a highstakes testing associated with this change in classroom practices if the schools in which they
teach have enough in common with the research sites. The experience of making radical change
may be seen in other teaching fields in the future. If so, this study may have elements which are
transferable to that phenomenon. Rich, thick descriptions will aid in the transferability of the
study results (Merriam & Tisdell, 2016). Thick description provides the context necessary for
readers of the study to determine if the results may apply to the situation they are researching by
documenting the time, place, context, and culture of the study (Guba & Lincoln, 1989).
Ultimately, accordingly Merriam and Tisdell (2016), the reader of the study, not the researcher,
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is the one who must determine what is or is not transferable to a similar situation. Given the gaps
in the extant literature, this study may help to complete the picture of what the perceptions and
lived experiences are for science teachers making changes to their teaching consistent with the
NGSS.
Dependability
While Creswell and Guetterman (2019) explained that dependability means another
researcher could obtain the same results using the same method, Guba and Lincoln (1982) noted
that replicability cannot be expected in a naturalist research design, as the design is inherently
emergent, and change is built into the process. A second researcher may choose a different path
to explore the same data (Guba & Lincoln, 1982). I created an audit trail of detailed
methodological decision points. This audit trail included reflections on why specific analysis
decisions were made, and the data, raw or processed, at each of those decision points. This
entailed saving the initial notes, the emergent themes, the connections across themes, and the
patterns which emerged across participants with the reflections on why decisions were made in
each of these areas and for each participant. This dependability audit will allow other researchers
to understand my method and logic in interpreting the data (Guba & Lincoln, 1989). While other
researchers may not agree with the choices I made, they should be able to follow the logical
process I used in making these analytical decisions and verify that the process was reasonable.
Confirmability
The goal of an empirical investigation is to discover an objective truth. Objectivity is
what provides empirical investigations their trustworthiness (Guba & Lincoln, 1982). Objectivity
is neither the goal, nor achievable in a qualitative study. Confirmability takes the place of
objectivity in a qualitative study (Creswell & Poth, 2018). The practice of reflexivity helps create
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confirmability (Guba and Lincoln, 1982). Incorporated into this study was the use of reflexive
journaling to uncover underlying biases that may have influenced the choice of research
questions, interview questions, and interpretation. The reflexive journaling provided
confirmability by making explicit how each level of interpretation I made contributed to the
coherent overall result (Guba & Lincoln, 1989).
Summary
I studied Massachusetts high school science teachers’ perceptions of transitioning from
teaching and assessing science content with the help of science practices to teaching and
assessing SEPs in the context of disciplinary content as shaped by the NGSS. This is a complex
phenomenon well suited to an IPA approach because IPA focuses on describing the lived
experiences and perceptions of individuals as related to a specific phenomenon and makes
explicit the common themes experienced by the individuals (Bynum & Varpio, 2018; Leavy,
2014). Guided by my research question, “What are high school science teachers’ perceptions of
the transitions in teaching and assessment related to Massachusetts’ adoption of standards based
on the Next Generation Science Standards?” and my theoretical framework, the Interconnected
Model of Professional Growth, I conducted semi-structured interviews of teachers recruited from
four public high schools in southeastern Massachusetts. Recruitment of these teachers was based
on clearly established criteria relating to the teachers’ experience with both the old and new
standards. I transcribed, conducted member checks, coded, and analyzed the data to elucidate the
perceptions of Massachusetts high school science teachers related to their lived experiences,
shifting from focusing their classroom practices on disciplinary content facts to giving equal
prominence to SEPs and DCIs when teaching and assessing students. The study has limitations,
but appropriate steps were taken to ensure credibility, transferability, dependability, and
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confirmability of the findings by using appropriate journaling and auditing throughout the
process.
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CHAPTER 4
RESULTS
This chapter includes the interpretative phenomenological analysis methodology used for
this study, which captured the lived experiences and perceptions of Massachusetts high school
science teachers participating in the study. These teachers were making the transition to teaching
and assessing science and engineering practices (SEPs) using content rather than teaching
disciplinary content facts through other methods such as scientific inquiry. The following
research question which guided the study: “What are high school science teachers’ perceptions
of the transitions in teaching and assessment related to Massachusetts’ adoption of standards
based on the Next Generation Science Standards?” I interviewed seven science teachers from
suburban southeastern Massachusetts high schools with experience teaching under the 2006
Science and Technology/Engineering Curriculum Framework and who had begun or completed
the transition to teaching the 2016 Science and Technology/Engineering Curriculum Framework.
Participants were given the opportunity to select pseudonyms or were assigned a pseudonym if
they had no preference. These pseudonyms were used to protect their privacy through the data
collection and analysis process.
The interviews were recorded via Zoom and transcribed with the dictation tool in
Microsoft Word and then manually adding punctuation and reviewing the transcripts against the
recording for accuracy. Participants were then asked to review the transcripts for accuracy and
provide clarification where they believed it was needed. The process of my analysis followed the
method developed by Smith et al. (2009) to find relevant themes for individual participants and
overarching themes showing commonality and rich diversity in experience.
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Common themes which emerged were (a) teachers’ positive perceptions of the decreased
emphasis on memorization and rote tasks in the 2016 STE Framework, (b) teachers valuing
professional learning and collaboration to make and improve materials related to the 2016 STE
Framework, (c) teachers perceiving the Massachusetts Comprehensive Assessment System
(MCAS) exams as having great importance in their transition to teaching and assessing the 2016
STE Framework, (d) teachers having positive perceptions of the transition to teaching and
assessing through activities they think incorporate the SEPs, and (e) teachers placing high value
in meeting the social and emotional needs of their students including helping them develop into
scientifically literate citizens.
Analysis Method
Data were collected through interviews and then analyzed in accordance with the
recommendations of Smith et al. (2009). The semi-structured interviews, completed via Zoom,
were based on eleven qualitative questions and five demographic questions. These interview
questions were created to elicit responses which captured the lived experiences of the
participants as related to the transition to the teaching and assessment of the 2016 STE
Framework. During the creation of the questions, I was careful to formulate the questions to
address the four domains from the Interconnected Model of Professional Growth (IMPG; Clarke
and Hollingsworth, 2002) – External Domain, Domain of Practice, Domain of Consequence, and
Personal Domain. As the analysis was phenomenological and interpretative, I first reviewed what
the participants experienced, then what these experiences meant, and finally, how the
participants perceived and reflected on their experiences (Shaw, 2019).
Participants were employed by four different public high schools located in southeastern
Massachusetts. Their experience in teaching, teaching science (courses and licenses), and
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Table 2
Participant Characteristics
Pseudonym
Avogadro

Number of Years’
Experience
17

Licenses

Clarice

7

Biology

Danielle

23

Biology
Chemistry

Biology*
Anatomy &
Physiology
AP Biology
Chemistry
Forensics

Elizabeth

8

Biology
Chemistry

Biology
Forensics

James

5

Biology

Biology*
Zoology
Biotechnology

Marie

17

Biology

Biology*
Environmental
Science

Mary

17

Physics

Introductory Physics*
Physics 2

Chemistry
Instructional
Technology

Courses Taught in
2020-2021
Chemistry
Forensics

* Indicates a course leads to the MCAS examination in that school

teaching in preparation for the MCAS exam varied widely and is shown in Table 4.1. Some
teachers indicated they perceived their transition to the 2016 STE Framework was complete,
while others indicated they still had work to do to complete the transition.
I followed the process described by Smith et al. (2009), including initial noting,
development of codes and emergent themes, and making connections between the emergent
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themes of the individual participants. My analysis began with listening to and watching the
interviews multiple times as part of the verbatim transcription recording of observational notes.
My next step, after two full readings of the transcripts and observational notes, was to write
initial notes. Then, the next step in my analysis was to read and note to which domain or domains
from the IMPG each answer related. This concluded the initial summarizing of participant
experiences.
The next step of the process was to establish what the participants’ experiences meant. To
do this, initial notes were grouped to form codes. I created phrases to encapsulate what was
important about particular sections of the text and relate these ideas to the overall message of the
participant. I organized these phrases by domain to identify emergent themes for each participant
and then searched for connection across the emergent themes. The codes and themes for each
participant were then organized by domain and combined with other participants’ responses to
seek overarching themes. In this way I was able to explore the meaning of the participants’
experiences.
Finally, I returned to the original data to find extracts which represented the themes and
had participants member check my analysis. This allowed me to consider how the participants
interpreted their experiences and confirm my process had been completed with fidelity, that it
encapsulated participants’ perceptions, and verified my interpretations were valid.
A summary of the results was sent to the participants for member checking. The
participants indicated they found the results to be accurate. There was one exception, Danielle
indicated she disagreed with the summarized result that teachers found their students to prefer
memorization-based assessments. Her dissent had already been acknowledged in the detailed
results, and this response during member checking supports the creditability of the findings.
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Presentation of Results and Findings
Table 3: Themes and Subthemes
Themes
Memorization and Rote Tasks vs.
Deeper Understanding

Subthemes
Decreased Importance of Memorized Facts and Rote
Tasks
Deeper Understanding is Preferred
Student Perspectives on Memorization

Teachers Value Collaboration and
Reflection
The Role of the Standards and How
They are Tested

Collaboration is Valued
Reflection and Revision are Important to All Teaching
Importance of Passing the MCAS
Application of the Standards to Non-MCAS Courses

Positive Perceptions Related to the
Science and Engineering
Practices
Preparing Emotionally Resilient,
Scientifically Literate Citizens

It’s Okay to Make Mistakes
Scientific Literacy as a Life Skill

Theme 1: Memorization and Rote Tasks vs. Deeper Understanding
All participants addressed the decreased role of memorization and completion of rote tasks and
increased focus on deeper understanding required by making the transition to the 2016 STE
Framework. This theme surfaced in all four domains of the theoretical framework with five
participants raising this theme in the personal domain, five participants citing it in the external
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domain, four discussing it as related to the domain of practice, and all seven citing it in the
domain of consequence. Avogadro said,
I used to be much more of the belief that they needed a core set of knowledge behind the
science to be able to understand the, the deeper levels of chemistry… But I think that,
you know, the collaboration skills and the inquiry skills and the modeling skills that
they're building are probably going to serve them better than just knowing a bunch of
trivia.
Subtheme 1: Decreased Importance of Memorized Facts and Rote Tasks
All participants indicated memorizing facts has a decreased role in teaching and
assessment under the 2016 STE Framework than it did in the 2006 STE Framework and that this
was a positive change for them. They had positive experiences because they could focus on
teaching students how to find any information which they believed was a more important skill
than memorizing a pre-determined list of facts. Similarly, simple straightforward problems in
classes such as chemistry and physics have had their role minimized. Danielle explained that in
her classes she spent more time teaching students how and where to find information, by looking
it up or conducting experiments, instead of asking students to memorize that same information.
She indicated this was a positive change because students will need to be able to look up a wide
variety of information rather than have specific facts on hand, from previous memorization, as
part of their adult lives. Similarly, she indicated that in response to the new 2016 STE
Framework she has moved away from simple and straightforward questions on assessments. She
now requires students to be able to explain their thinking, create models, and solve complex
practical problems in the laboratory as the focus of her assessments. Mary shared a similar
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experience. “I think they’re expected to show more mastery of application of ideas and not sort
of just answering test questions, not crunching numbers [emphasis added].”
James and Marie shared that students no longer need to use learning time to focus on
basic facts and vocabulary. Marie experienced decreased pressure to help her students to
memorize facts that may not make sense out of context. She indicated that she perceived the
teaching of complex biology concepts, such as photosynthesis, cell respiration, and protein
synthesis, to have improved because of this decreased focus on memorization in the 2016 STE
Framework. Marie and James both teach biology to ninth-grade students, and this course
culminates with the MCAS examination. Because the MCAS was expected to assess the 2016
STE Framework beginning in June 2022, teachers who taught courses leading to this high-stakes
exam felt less pressure to spend time drilling facts and were able to instead spend that time
helping students understand the complex processes and interactions between biological units
such as cell components, cells, organs, organisms, ecosystems. This will ultimately lead to
positive outcomes in the domain of consequence. All participants conveyed a positive experience
with the shift to less memorization of facts and completion of rote tasks either explicitly or
through tone of voice, facial expression, or body language. This was true even for Clarice, who
shared some reservations about the new approach, which she recognized came from the
difference between this method of teaching and assessing and the method she experienced in
high school education.
Subtheme 2: Deeper Understanding is Preferred
Philosophy of teaching is associated with the personal domain; it is a set of personal
beliefs that teachers either held before the transition or have integrated into their personal beliefs
as a result of the changes they have made to their practices and experiencing the salient
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consequences. The transition away from memorization and rote tasks was associated with a
move toward deeper understanding. All the participants perceived this was good for student
outcomes – the domain of consequence. Five participants shared how they found the process of
science, a way of looking at the world, is more important than memorization when sharing their
perceptions of their philosophy of teaching.
While the participants perceived the shift to deeper understanding to be a positive change,
their transition experiences are not all positive. Although he perceived the outcome of the
transition to be a positive one, Avogadro shared how the transition is difficult both with respect
to teaching and assessment practices:
There's much less memorization in the in the new frameworks. It's much more, um,
understanding. And that's been the hardest thing with us as teachers was trying to really
figure out not only how to teach them to that understanding that deeper understanding,
but how to assess it.
This concern about assessment was echoed by three other participants, Marie, Mary, and Clarice,
who shared that they had held back on making changes to their assessments and they still
planned to make major revisions of assessments they had made for the new standards. Clarice
indicated that some of the assessments made in response to hybrid teaching during the COVID19 pandemic may be useful as school returns to normal, fully in-person teaching, and the
deciding factor on whether to use these assessments in the future will be whether they truly
assess the new standards including the SEPs. She indicated an expectation that she would return
to more traditional assessment methods for approximately half of her unit assessments. Similarly,
Mary and Marie indicated they did not focus on changing their assessments to the deeper
understanding required under the new standards, because they were busy trying to modify
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existing assessments to be useful in a hybrid teaching model. The participants who were still
actively making the transition to teaching and assessing the 2016 STE Framework, six of the
seven participants, all frequently expressed what I interpret as a concern about balancing the
prescribed requirements of the standards and the realistic process and timeline for completing the
transition to teaching and assessing these standards. This balance was further complicated by the
changes in the learning environment inherent to pandemic teaching.
Subtheme 3: Student Perspectives on Memorization
All participants noted that not only their teaching, but their assessment had begun to shift
away from memorization and towards understanding. Five of the seven participants indicated
they perceived a considerable proportion of their students to have preferred memorization-based
assessments. Avogadro found that assessments aligned with the 2016 STE Framework showed
which students had a deeper understanding of the material rather than willingness to put in the
needed time to memorize facts. Avogadro, Clarice, and Elizabeth all revealed the perception that
their students would prefer to memorize facts than need to demonstrate deeper understanding.
Interestingly, Clarice and Avogadro found this to be more strongly associated with honors
students based on their comfort with this type of learning. Whereas Elizabeth found this
preference for memorization to be stronger in on-level/college preparatory students who have
difficulty with interpretation. Avogadro offered an explanation for why students would prefer to
memorize facts. He asserted that students were better equipped to acknowledge when they do not
study but have difficulty because they do not know how to prepare for a lab practical or
interpretation-based assessment. Danielle was emphatic that her students preferred the new
methods of assessment that focus on deeper understanding. This may be in part because she has
completed the transition to teaching and assessing the 2016 STE Framework. Concern over
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student perspectives on the mew method of assessment resonates with Shapiro’s (2018) finding
that teachers often modify their classroom practices based on their perception of student needs.
As teachers continue to revise and improve their assessment to more closely align with the 2016
STE Framework and their students’ needs, they will likely perceive their students to prefer these
new assessments.
Theme 2: Teachers Value Collaboration and Reflection
Professional collaboration with colleagues and reflection and revision were declared to be
valuable by all participants in the study. Three of the seven participants indicated this was a
component of their philosophy of teaching. In the context of the IMPG, these fundamental
beliefs and attitudes about teaching comprise the personal domain. Four of seven participants
elaborated how professional collaboration and time for reflection and revision as being
controlled or stimulated by outside sources such as building class schedules, building or district
professional development agendas, and district encouragement (or lack of encouragement) of
curriculum development outside of the school day and year; all of these are part of the external
domain of the IMPG. Independent of the motivation for collaboration with colleagues (external
stimulus, personal belief, or not indicated), all seven participants related these ideas to the
domain of practice, the professional experimentation they enacted, and six of seven to the
domain of consequence, salient outcomes for themselves or students. This indicates the
participants experienced professional collaboration and reflection as practical and necessary to
make the transition to teaching the new standards based on the SEPs. Clarice explained the
process of her reflective, collaborative practice with her colleagues. She indicated that one of the
same course teachers would share an idea on how to change an existing activity or create a new
activity to better align with the standards than the activity they were currently using to teach the
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same material. The teachers would make modifications to the activity to suit their students and
their personal teaching style, share the outcomes with the group, and make refinements to the
new activity. As a result of this collaborative, reflective process, she perceives that she and her
colleagues had created several excellent lessons aligned to the 2016 STE Framework. However,
like most participants (five of seven), Clarice also indicated she perceived the time she had been
allotted for collaboration, reflection, and revision was inadequate, “We haven't had any formal
time to talk about it.”
Subtheme 1: Collaboration is Valued
Avogadro and Clarice each shared that they have experienced inadequate collaboration
time and the pandemic interfered with their ability to connect with colleagues. However, they
both agreed that connecting with colleagues is important when addressing critical issues related
to the transition to the 2016 STE Framework, such as MCAS. James indicated that teachers at his
school conferred whenever there was an issue or a new concept to share. He also stated, “I think
more time for consultation would be better.”
Avogadro cited the importance of collaboration not only with teachers at his school, but
at the lower grades. He explained that some prerequisite knowledge and skills for achieving the
deeper understanding associated with the 2016 STE Framework (discussed in Theme 1,
subtheme 2) are no longer specifically required to be taught at either the lower levels or in high
school when they had explicitly appeared in the standards for both levels previously. Discussion
with colleagues at the middle school was needed to identify who would teach each these
prerequisite facts and skills so more complex ideas could be addressed at the high school level.
He was clear that without this vertical collaboration, he perceived he would not be able to teach
the new standards, particularly the SEPs, in a satisfactory manner at the high school level. Five
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participants explicitly indicated they did not have adequate time to work together with samecourse teachers to become comfortable with the standards. Danielle, who had spent substantial
time (several years) working on the transition at a previous school and thus had a unique
experience and perspective than other participants, did not bring up lack of collaboration time as
a concern. Similarly, Elizabeth indicated the transition was not burdensome because her courses
do not lead to an MCAS exam. She did not indicate she experienced or perceived a lack of
collaborative time. Clarice, Marie, Mary, Avogadro, and James all experienced concern that
there had not been enough time given to teachers to authentically transition their teaching and
assessment practices. All five indicated the limited time they had spent on learning about the new
standards was mostly or exclusively done on their own time, not through district provided
professional development or common preparation or collaboration time. James stated, “Unless
the resources are put in, and there's enough staff and time to really support it, it's not gonna make
that much of a difference.” This experience was shared by Avogadro who remarked that, “to start
completely over from scratch,” would require more time than was provided during the working
day for teachers at his school. His perception was that to be highly successful teaching and
assessing the 2016 STE Framework, teachers would need to completely rewrite the entire
chemistry curriculum, but that teachers would only have the option to do that if they worked
additional hours, beyond the hours they put in outside of the contractual day already, without
compensation. These reflections by James and Avogadro serve to show how the participants
have made meaning of their desire and perceived need to collaborate with other professionals in
the context of their perceived realities.
Subtheme 2: Reflection and Revision are Important to All Teaching
All participants spoke passionately about the role of reflection and revision in their
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teaching but noted that while this was important to transitioning to the 2016 STE Framework, it
was essential to teaching and assessment practices in all situations, regardless of a change in
standards. For six of the seven participants, this was related to the domain of practice and the
domain of consequence. They enthusiastically described their experimentation and changes in
their professional collaboration and their classroom practices, both of which fall into the domain
of practice. They were equally excited about the positive salient outcomes, the domain of
consequence, they had perceived as part of their reflection and revision. The seventh participant
mentioned continuous reflection and revision multiple times as part of the personal domain. That
is, she indicated participating in continuous reflection and revision were a part of her
fundamental beliefs about what good teaching includes. Marie and Mary both shared experiences
with creating new classroom activities and making revisions based on how those activities
succeeded or failed in the classroom. Both recognized the need to make additional major changes
to their assessments to align them with the new standards and achieve the appropriate level of
rigor for their courses. Mary explained that she had not yet made classroom summative
assessments pertaining to the new standards for many units in her courses but that the
assessments she had developed for the new standards didn’t quite meet the level of rigor or get at
the specific concepts she had hoped they would when she developed them. As such, she expected
to need to revise these assessments iteratively until they were appropriately difficult and
addressed all the standards she intended to assess. Marie indicated she had not made many
changes to her assessments as she felt she was in limbo waiting for the change in the statewide
high stakes assessment, the MCAS. Her in-class assessments have been designed to reflect the
type of questions on the MCAS in the past to help prepare students for the exam. Until the state
makes the change in the MCAS she will not feel comfortable changing her MCAS preparation
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methods for the students, including in-class assessment. Both Mary and Marie indicated as new
MCAS exam questions are released by DESE, after the June 2022 testing session, they will
revise their in-class assessments to be more like the questions on MCAS. Marie, Mary,
Avogadro, Clarice, and James all indicated the process of making the transition to the new
standards, including the SEPs, would take several years because it is iterative and requires
reflection after each iteration. Marie summarized this. “It might not be perfect, you know, so and
that's what we, that we’re constantly changing.”
The perceived need for additional time to complete the iterative and reflective process of
changing to teaching and assessing the 2016 STE Framework, including the SEPs, by five
participants stands in contrast to Danielle and Elizabeth’s perceptions that their transition is
complete. However, both Danielle and Elizabeth indicated continuous reflection and refinement
of lessons was a necessary component of their teaching. Danielle was the most emphatic of all
the participants about the importance of collaborative, reflective teaching and assessment
practices. “We’re teachers. We’re constantly making changes and updating what we do and how
we do it. So, I talk a lot with the other chemistry teachers in the department.”
Theme 3: The Role of the Standards and How They are Tested
All the participants identified the testing of the standards as having immense importance
both for the purpose of being faithful to the 2016 Frameworks in their classroom testing and
because of the high-stakes nature of the MCAS exam. All the participants specifically cited the
importance of testing the standards via the MCAS exam. This perception surfaced whether the
teachers taught the course leading to the MCAS exam or not and despite none of the scripted
interview questions mentioning MCAS. The role of the standards in non-MCAS courses was not
something on which participants agreed. Three of seven participants found the standards were

66

useful in redesigning assessment in their courses which did not lead to the MCAS exam. All four
of the participants who taught courses leading to the MCAS exam indicated the importance of
aligning the teaching and assessment in those courses to align with the 2016 STE Framework to
support student success on the MCAS exam but indicated alignment with the 2016 STE
Framework was not as important in their courses which did not lead to the MCAS exam.
The MCAS exam and the purpose of the standards are both connected to the external
domain for the participants. Six of the participants indicated the standards were instrumental to
changes in their teaching and assessment practices. These changes are a component of the
domain of practice. Five of the seven participants related the MCAS exam or the purpose of the
standards to outcomes for students. Salient outcomes, such as student outcomes, comprise the
domain of consequence. Two teachers discussed the MCAS exam as part of their beliefs and
attitudes (the personal domain) and indicated they had both negative perceptions of and negative
experiences with the MCAS.
When asked if the changes in student learning under the 2016 STE Framework were an
improvement, deterioration, or no change compared to the 2006 STE Framework, Mary shared a
perception that student learning seemed to improve in practical ways under the 2016 STE
Framework but that she would reserve judgment until she had seen how the state handled testing
of the standards vis a vis the MCAS. Like Mary, Marie; James; and Clarice brought up MCAS
when asked about changes in student learning under the 2016 STE Framework. Clarice stated,
“They have to take MCAS, which is a test. So, we do have to prepare them for that,” in response
to her perceptions about student learning since the adoption of the standards. Similarly, Marie’s
response included, “I know we struggle getting through the whole curriculum in time for MCAS
exams.” The participants’ perceptions of student learning appeared to be inextricably connected
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to student success on MCAS for those whose course culminated with the MCAS exam.
Participants who taught courses that did not lead to the MCAS exam also used the exam as a lens
through which to view their teaching and assessment of the 2016 STE Framework. Elizabeth
admitted her approach to teaching the 2016 STE Framework would be different if her students
were required to take the MCAS, Avogadro stated his answers to the interview questions would
have been different if he taught an MCAS course, and Danielle explained she thought the state
would have to make major changes to MCAS if they wanted to test the new standards
appropriately.
Subtheme 1: Importance of Passing the MCAS
The strongest focus on the MCAS exam came from the participants whose courses
culminated with the students taking the exam, the passing of which was a requirement for high
school graduation. Marie stated it was the “be all end all” for biology teachers at her school.
Preparing students for the MCAS was clearly an important part of the participants' lived
experiences. Passing the MCAS arose as related to the external domain for six of seven
participants and five of seven participants in the domain of consequence. Clarice illustrated the
relevance of the MCAS in the domain of consequence. When asked about her philosophy of
teaching and the most important things to teach in biology, Clarice immediately turned to MCAS
before continuing her answer. “I think the most important thing for bio, I mean they have to pass
MCAS. So, we have to teach like the standards that they can pass the test obviously.” When
discussing the success of a project designed to assess the new standards, including the SEPs,
Mary responded based on whether the project would have adequately prepared students for the
MCAS exam. Marie continued by explaining that her assessment practices related to the 2016
STE Framework, including the SEPs, were not good and connected this to the legacy MCAS.
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She indicated DESE was slow to announce whether students would be taking MCAS this year,
and if so, on which standards that test would be based. She connected this to delaying making
changes in her assessments. Marie described the 2016 STE Framework as providing guidance for
her changes in classroom assessment practices up until the DESE decided how testing would be
accomplished during the 2020-2021 school year. In the middle of the 2020-2021 school year,
DESE announced that they would use the 2006 STE Framework and the old format of the MCAS
exam for the June 2021 MCAS. Marie reflected that her assessment practices were, “not good,”
due to this delay because she was unclear on whether students needed to be prepared for testing
the 2006 or 2016 STE Framework for the first half of the school year. Additionally, Marie
indicated that she perceived the MCAS exam to not accomplish its stated goals. “I don't think
that it's the best way to assure that students are learning what they're supposed to be learning.”
Danielle shared this perception. “The biggest downfall I see in this shift is the MCAS. They still
don't even know how they can test this stuff.” Despite her obvious concern over how the new
standards will be assessed on MCAS, Mary also experienced frustration related to how the
MCAS exam influenced her teaching because teaching to a test is not the approach she identifies
as good teaching nor what she prefers to do. Across the four teachers who taught a course
leading to the MCAS exam there was a consistent perception that the way they taught and
assessed their courses needed to conform to the method of testing DESE would use in the
MCAS. This belief likely exacerbated the frustrations these participants already experienced
related to the unknown facets of an MCAS exam testing the 2016 STE Framework.
Subtheme 2: Application of the Standards to Non-MCAS Courses
The MCAS figured heavily into how participants were transitioning their teaching and
assessment practices in courses not leading to an MCAS exam. When asked about whether she
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would make further changes to her teaching practices to better align with the 2016 STE
Framework, Elizabeth indicated making further changes to her teaching and assessment was
unlikely because she and her colleagues had made sure they were covering the standards,
including the SEPs and that since their students would not be tested by MCAS, further transition
to better align with the 2016 STE Framework was not necessary. Similarly, when asked about
changes in her teaching practices related to the change in the standards, Clarice indicated she
would restrict her answers to her introductory biology course as that was where the standards
were important due to MCAS. Mary stated she had not made significant changes to her Physics 2
class in response to the release of the 2016 STE Framework because the standards in the
framework were designed for ninth-grade courses. James and Marie both indicated that the state
standards were not of much importance in teaching environmental science. Marie and Clarice
both indicated for their Advanced Placement courses, Environmental Science and Biology
respectively, that their focus is strictly on the standards provided by the College Board, and they
perceived this to be important to prepare for the end of course exam administered by the same
College Board.
In contrast, Danielle and Avogadro found utility in using the 2016 STE Framework in
designing classes that were not leading to the MCAS exam. Danielle shared how she used the
new standards within her elective course in forensics and stated, “That was one of those ones
where I had been flat out told a few years ago I didn't need to prove I was following the
standards, because it is an elective class.” Danielle perceived the 2016 STE Framework to be
useful despite this because she could share with students why they were learning each subject
they studied. Additionally, the way the 2016 STE Framework addressed the SEPs was perceived
by Danielle to be useful in explaining to students the modes they were using to study the content.
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Avogadro’s answers all reflected he was transitioning to the new standards for both teaching and
assessment purposes despite not having taught a class culminating in the MCAS exam. His
experience with the 2016 STE Framework was positive in part because it created an avenue for
updating and overhauling an older “legacy curriculum,” which he was eager to update. His
perceptions seemed to be based both on his personal beliefs about what should be taught and
how it should be taught and his conviction that the new methods he already wanted to implement
were aligned and supported by the 2016 STE Framework.
Theme 4: Positive Perceptions Related to the Science and Engineering Practices
All participants indicated they had positive experiences with teaching and assessment
activities that they have added or changed in response to the requirements for inclusion of the
SEPs in the 2016 STE Framework. While five teachers expressed uncertainty regarding their
understanding of some of the SEPs, the transition was still perceived as a positive experience. It
was associated with the personal domain, external domain, and domain of practice for all seven
participants. Additionally, five of the seven participants perceived the transition to incorporating
the SEPs to be a positive aspect of the domain of consequence. That is, they found the transition
to have had positive outcomes so far. This was primarily true with respect to student outcomes,
such as improved learning and improved assessment scores and also for improved outcomes for
the teachers in terms of their professional learning and skills. Elizabeth stated, “It feels good. . . I
think teachers, in general, are or should be, moving away from teaching facts.”
Participants frequently mentioned laboratory skills, analysis skills, modelling, using
math, and experimental design and associated them with positive experiences. All seven
participants shared positive perceptions of these ideas as related to the domain of practice; five of
seven shared positive experiences with these skills and strategies related to the domain of
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consequence, and all participants indicated these skills and strategies were an important
component of their philosophy of teaching – the personal domain. Asked how her philosophy of
teaching has changed in response to making the transition to the 2016 STE Framework,
Elizabeth explained that when she began teaching under the 2006 STE Framework she believed
her purpose was to disseminate content. As part of the transition to teaching and assessing the
2016 STE Framework Elizabeth experienced letting content “[take] a backseat,” to interpretation
and experimental design. She found this to be a positive experience. Similarly, Clarice perceived
that application of knowledge is more important than knowing facts. Clarice said, “I think
application’s better. . . . So, you can Google any kind of informational thing, at any point in time
if you need it. But you can't Google how to analyze results from an experiment and figure out
what that means.” Participants repeatedly cited a variety of specific teaching and assessment
strategies and tools linked to the SEPs in a positive light. Their positive experiences were evident
from their smiles, tone of voice, nodding, and repetition of specific facts whenever they were
explicitly discussing the SEPs. Even though Avogadro indicated the use of POGIL (Process
Oriented Guided Inquiry Learning) was a struggle for students but produced positive overall
results. Mary was quite animated when explaining the importance of explanations as added in the
2016 STE Framework. “So, the kids can discuss cell phones, you know, wireless earbuds,
microphones, TV's, microwaves, all of those technologies in a conceptual manner. And that's
what I think is going to help them to think and explain things and analyze things in future jobs.”
Marie explained her experience adding Claim, Evidence, Reasoning (CER) activities into
biology assessment as part of the transition to the new framework and the concerns she initially
had about how students would perform on these tasks. However, she then explained students had
performed well, and the teachers at her school plan to use this activity in the future.
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Hesitance about the use of the SEPs was common, even though participants universally
perceived them positively. Elizabeth shared her experience of not fully understanding what
model building is, even though she knew it was one of the SEPs. She perceived model building
to be the most important of the novel SEPs. Perceiving several SEPs as things good teachers
taught prior to the introduction of the 2016 STE Framework was a recurring idea in all seven
participants' personal domains, which is how they viewed these practices relative to their own
philosophies of teaching. Avogadro suggested that because use of the SEPs was regarded as
good teaching, teachers did not spend time checking that they were using them. James was
unclear on whether his projects needed further revision. “But they're just trying to figure out
whether they're truly good assessments. That, that's what I'm working on now.”
Theme 5: Preparing Emotionally Resilient, Scientifically Literate Citizens
Six of seven participants indicated a desire to meet students where they are to accomplish
their perceived purpose of developing students into emotionally resilient citizens. Marie
expressed this perception by explaining that her purpose as a science teacher. “I feel like my
whole purpose for introducing students to science is for them to get comfortable with basically
trying things on their own, and not being afraid of making mistakes” All participants were clear
that they want their students to become good scientific thinkers and they had been willing to
adapt their curriculum as needed to meet this goal.
Participants consistently mentioned perseverance, grit, and effort as characteristics they
wanted to teach their students in addition to or in conjunction with science. They indicated they
used both general teaching strategies, such as pre-tests and activating prior knowledge, as well as
SEP centered strategies, revision of procedures, evaluation of evidence, for this purpose.

73

Danielle noted that her purpose as a teacher, no matter what subject, was to teach students to
question everything, including themselves, and to learn something from those questions.
Subtheme 1: It’s Okay to Make Mistakes
When describing the use of pre-tests, James shared that his pre-tests served a dual
purpose. They improved content delivery by determining what students knew at the beginning of
a unit. The pre-tests also placed the students in a position of not knowing all the answers thereby
teaching them it is okay to not to know all the answers, that they can learn those answers, and
that they do not need to be perfect. Mary perceived students having a similar need when using
mathematical concepts in science classes, “We're gonna take the time to review that. I'm not
going to assume that every student has really good command of that [math content].” When
describing her philosophy of teaching and the most important thing to teach students, Mary
indicated that students needed to be taught that they are capable, and that perseverance is the key
to success. Similarly, when explaining student-designed labs, Marie explained part of their
purpose was to allow students to guide their own work and also, “it goes towards the whole thing
of getting them accustomed to not having all the answers.” Clarice connected this idea to the
opportunity to revise work. However, she indicated concern that the chance to do revisions, in
alignment with her reading of the 2016 STE Framework, might not be exclusively beneficial and
might detract from students’ diligence on the first attempt because they will expect to get an
opportunity for revisions.
Four of seven participants connected their responses associated with this theme to the
personal domain. Four of seven participants linked responses from this theme to the domain of
consequence. Six of seven participants made a connection between social-emotional learning
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skills and the domain of practice. No participants connected this subtheme to the external
domain.
Subtheme 2: Scientific Literacy as a Life Skill
Elizabeth explained her philosophy of teaching with the following, “My goal is to teach
students how to be critical thinkers. . . The goal is that they are informed citizens that are able to
look at a piece of information and determine if. . . that information is. . . valid.” Avogadro,
James, Danielle, and Mary all expressed similar perceptions of the purpose of teaching science.
They perceived there to be importance in the teaching of aspects of science that had practical
value in everyday life. This applied to both content and scientific skills for James and Mary. The
other participants stressed their perception of the importance of developing scientific skills as
something that would serve students in their life after school in the “real world.” These skills
included inquiry, modelling, assessing sources of information, the design process (for both
laboratory investigations and engineering), and using evidence and reasoning to back up their
claims. These ideas surfaced in all four domains – personal, external, practice, and consequence
– for four participants and for all seven participants for the personal domain and the domain of
practice. Danielle professed she wanted to teach her students to question everything they are told
because this is the most important skill they can have in life.
Summary
In chapter four, I provided a presentation of the data collected to capture Massachusetts
high school science teachers’ perceptions of transitions in teaching and assessment related to the
Next Generation Science Standards. I outlined the analysis processes provided by Smith et al.
(2009) used with seven southeastern Massachusetts high school science teachers’ responses from
semi-structured interviews. The analysis revealed five main themes. The first theme,
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Memorization and Rote Tasks vs. Deeper Understanding, explored how participants perceived
both memorization and rote tasks to have less importance under the 2016 STE Framework than
the 2006 STE Framework. Whereas the updated standards emphasized deeper understanding.
Participants perceived this change to be positive overall. The second theme, Teachers Value
Collaboration and Reflection, described participants' perceptions that their transition to the 2016
STE Framework was enhanced by collaboration with colleagues and reflective practice, though
they would value these even without the change in standards. The third theme, The Role of the
Standards and How They are Tested, revealed the participants' perceptions of the importance of
the MCAS exam and the complexity of assessing the new standards in the classroom. The fourth
theme, Positive Perceptions Related to the Science and Engineering Practices, illustrated how
participants have generally had positive experiences making the transition to the 2016 STE
Framework. The fifth and final theme, Socially Emotionally Resilient, Scientifically Literate
Citizens, explores the perceptions of participants that their purpose is to help students develop
perseverance and resilience and that these qualities were connected to students developing
scientific skills that can be applied to their lives outside the classroom. Key points of the findings
included teachers perceived need for additional formal time provided by their schools or districts
to fully develop their 2016 STE Framework aligned curricular materials, the direct relationship
between participants’ motivation to enact the standards and the MCAS examination, and
successful transitioning to the new standards being correlated with early positive outcomes and
the perception that the standards are aligned to participants’ beliefs and attitudes about good
teaching.
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CHAPTER 5
CONCLUSION
This study explored Massachusetts high school science teachers’ perceptions of the
transition to teaching and assessing under the Massachusetts 2016 Science and
Technology/Engineering Curriculum Framework (2016 STE Framework) based on NGSS. One
of the most significant changes in the standards was the inclusion of the Science and Engineering
Practices (SEPs) and the resultant decrease in emphasis on the Disciplinary Content Ideas (DCIs)
(Leavy, 2014). The prior standards, the 2006 STE Framework, primarily focused on the DCIs.
An interpretive phenomenological analysis approach was the basis of exploring the lived
experiences and perceptions of Massachusetts high school science teachers related to their
transition to teaching and assessing the SEPs. The extant literature focused on effective teaching
and assessment practices related to the SEPs, but the body of knowledge on teachers’
experiences and perceptions about changing their teaching and assessment practices, as called for
in the NGSS, the basis of the 2016 STE Framework, was limited (Matlock, et al., 2016). The
following research question guided the research study: What are high school science teachers’
perceptions of the transitions in teaching and assessment related to Massachusetts’ adoption of
standards based on the Next Generation Science Standards? This was set in the context of the
Interconnected Model of Professional Growth (IMPG, Clarke & Hollingsworth, 2002) as a
theoretical framework.
Five themes emerged during the analysis of seven interviews with teachers from four
schools in suburban southeastern Massachusetts public high schools.
These themes included (a) Memorization and Rote Tasks vs. Deeper Understanding, (b)
The Value of Collaboration and Reflection, (c) The Role and Assessment of Standard, (d) Positive
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Perceptions and the Domain of Consequence, and (e) Preparing Emotionally Resilient,
Scientifically Literate Citizens.
Regarding the first theme, Memorization and Rote Tasks vs Deeper Understanding,
participants perceived a decreased role for memorization and completion of rote tasks and
increased focus on deeper understanding required to be a key component of making the transition
to the 2016 STE Framework. Participants typically perceived this as a positive change, but a few
questioned whether their students also experienced it as a positive change. Another significant
theme that emerged, Teachers Value Collaboration and Reflection, captured participants’
experience that professional collaboration with colleagues and reflection and revision were
valuable components of teaching and assessment in all situations, particularly in making the
transition to the 2016 STE Framework. The Role of the Standards and How They are Tested
captured the perception that the assessment of the 2016 STE Framework had a high degree of
influence on the activities participants used in their classrooms. This came from two sources: the
extremely high perceived importance of the MCAS exam and the use of the standards to justify
to students the type of teaching and assessment activities the participants utilized in class.
Independent of the methods of standards assessment, high stakes statewide testing or classroom
formative and summative assessments, participants had Positive Perceptions Related to the
Science and Engineering Practices. They had positive experiences with their changes in
classroom practices and with student outcomes. Participants perceived their students to have
better learning outcomes than they had under the 2006 STE Framework. They also found the
lessons created as an outcome of their transition to the 2016 STE Framework to be an
improvement over the lessons they had created previously. The final theme that emerged,
Preparing Emotionally Resilient, Scientifically Literate Citizens, captured the participants’
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perceptions that their purpose in teaching, under both the old and the new standards, was to aid
students in their personal development. This was true for making students resilient and capable
of handling setbacks and for developing students’ scientific thinking skills.
Interpretation and Importance of Findings
The overall findings from this study included all the individual themes which arose
consistently among the participants. However, these findings must be interpreted in the context
of the original research question, the theoretical framework, the Interconnected Model of
Professional Growth (IMPG), and the conceptual framework that were established at the outset
of the study. This interpretation will explain why the findings matter and their meaning in the
context of the ongoing transition to teaching and assessing the 2016 STE Framework and
potential future changes to science education.
Most themes that emerged during the analysis of the interview data related directly to the
research question. While the subtheme Reflection and Revision are Important to All Teaching, a
component of Teachers Value Collaboration and Reflection, may on its face seem tangential to
the focus of the research, this theme arose as teachers described how they experienced the
transition in standards and relates to the ways teachers perceived themselves and their actions
with their philosophies of teaching. As this study used the IMPG as its theoretical framework and
a lens, the shifts in teaching and assessment practices made in response to the new standard
reinforced teachers’ beliefs and attitudes must be regarded as changes in the domain of practice
made in response to a stimulus from the external domain which reinforced the participants’
personal domains. According to the IMPG, this was expected to occur directly through reflection
on the professional experimentation and indirectly as they reflect on the salient outcomes of their
experiments. Fives and Buehl (2014) found that teachers’ tendency to change their practices in
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response to external stimuli was directly influenced by their beliefs regarding the origin of
teaching skill. Teachers who participated in this study align with Fives and Buehl’s (2014)
categories of teachers who were willing to try new teaching strategies if they worked. This was
contrasted with the category teachers explained by Fives and Buehl (2014), who needed to
understand why a strategy works to enact it in their classroom. That is, participants in this study
were focused on reflecting on and revising their lessons for the purpose of improving student
outcomes, not making changes for the sake of change, or holding back until they had a deep
understanding of a new teaching or assessment approach.
There is a similar relationship between It is Okay to Make Mistakes, a subtheme of
Preparing Emotionally Resilient, Scientifically Literate Citizens, and the research questions as
there was for the subtheme Reflection and Revision are Important to All Teaching. That is, the
subtheme may seem tangential to the research question. However, the data in support of this
theme came as part of participants' descriptions of their lived experiences, making the transition
from the 2006 STE Framework to the 2016 STE Framework. While most participants explicitly
related this idea to the domain of practice, only one connected it to their understanding of the
2016 STE Framework, which was a reflection during the interview. The perception that meeting
students where they are is a positive part of the teaching experience was most clearly tied to the
participants' beliefs and attitudes on teaching and mirrored Shapiro’s (2018) findings that
curricular changes are not always based on external stimulus, but often based on teacher’s
perceptions of student needs. Hayes et al. (2017) found that alignment between teachers’
pedagogical beliefs and values and reforms in instructional practice helped motivate instructional
change. Some participants indicated they perceived an important part of the SEPs was the
opportunity for revision. This allowed them to connect the SEPs to their beliefs about meeting
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students where they are. If more teachers made the connection between teaching students that it
is okay to make mistakes and the SEPs outlined in the 2016 STE Framework, it might improve
the chances of long-term professional growth, including further incorporation of the SEPs into
their teaching and assessment practices.
A striking direct connection to the research question came from the theme Positive
Perceptions Related to the Science and Engineering Practices. All participants indicated they had
positive experiences with the teaching and assessment changes they had made in response to the
state adoption of the 2016 STE Framework, including the SEPs as articulated in the NGSS. This
was true despite some participants also seeing downsides to the new standards, including the
SEPs. Shapiro (2018) previously found receptivity to the NGSS was substantially impacted by
teachers’ non-monetary cost-benefit analysis of enactment of NGSS based curriculum. The
positive associations with salient outcomes for themselves and students, therefore, suggested the
participants will be receptive to further changes to align with the 2016 STE Framework as
needed. The participants also indicated they perceived their philosophies of teaching changing in
response to the changes they had made and the consequences of these changes for students. This
is similar to what Hayes et al. (2021) found regarding the change in the personal domain, beliefs
and attitudes, for science faculty trying new instructional techniques. When students had a
positive reaction to an instructional experiment, science faculty changed their attitudes on the
new pedagogical technique (Hayes et al., 2021). These are clear indications of the interaction of
the domain of consequence and the personal domain through reflection as predicted by the
IMPG. The participants in this study were at different points in their transitions to fully teaching
and assessing the 2016 STE Framework. The teachers who were further in the process were more
excited about the changes they had seen in student outcomes (the domain of consequence) and
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had more completely adopted or reinforced these positive associations into their philosophies of
teaching. This demonstrates the need to give teachers opportunities for success early in their
transition so that they may build upon the small positive experiences and avoid change fatigue
(Bernerth et al., 2011) which can lead to more long-term changes in teaching and assessment
practices. This is of particular note because the participants in this study were at a variety of
points in their teaching careers, from five to 23 years’ experience and change fatigue is
cumulative and has a negative impact on professional achievement (Costa & Silva, 2012), but
they all still found changing to align with the 2016 STE Framework to have had positive
outcomes overall.
Subthemes within Memorization and Rote Tasks vs. Deeper Understanding and
Preparing Emotionally Resilient, Scientifically Literate Citizens demonstrate how the domains of
the IMPG can work together to create positive change aligned with an externally imposed
stimulus. In this case, the stimulus from the external domain was the change in the state
standards and it aligned with teachers’ personal beliefs and attitudes about teaching, the teachers’
personal domain. The participants in this study already believed that elements imposed by the
2016 STE Framework were part of the definition of good teaching. Ketelhut et al., (2019) found
success in attempting to effect change in elementary science teachers’ practices when the
teachers’ personal domains were already aligned with the external stimulus. Teachers in this
study were similarly willing to conduct professional experimentation, in this case changes to
their teaching and assessment practices which aligned with the SEPs, the domain of practice,
which in turn reinforced their previously held beliefs and attitudes because they perceived
positive outcomes for students. Both subthemes saw a majority of participants, five of seven for
Deeper Understanding is Preferred and seven of seven for Scientific Literacy as a Life Skill,
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already having incorporated these ideas into their personal domain, their beliefs and attitudes
about teaching, prior to the external stimulus provided by the adoption of the 2016 STE
Framework or any attempt to align their teaching and assessment practices with the Framework
by incorporating the SEPs. Both subthemes also had positive connections to the domain of
consequence for all seven participants. This is interesting because it was true, regardless of the
perceived difficulties in the domain of practice, particularly as related to changes in assessment
practices which surfaced for four of the seven participants. The perceived difficulty in making
changes to assessment practices agrees with earlier findings by Cisterna and Gotwals (2018) that
even when teachers articulated SEPs in their learning targets, their assessments continued to be
focused on disciplinary content.
Additionally, Friedrichsen and Barnett (2018) found science teachers had difficulty
creating classroom assessments aligned to NGSS and including the SEPs. But participants in this
study, while admitting difficulty, did not appear to be deterred in pursuing these changes in
assessment. In the context of the IMPG, this is probably because of their prior personal beliefs
regarding the importance of scientific literacy as a life skill. Kasza and Slater (2017) found
similar attitudes regarding the importance of problem-solving and the engineering design process
among teachers in successful STEM academies, those who were able to effectively incorporate
these into their classroom teaching practices already had a personal belief that they were
worthwhile endeavors.
Similarly, the participants prior experience with collaboration contributed to their
positive associations with collaborating in making changes to their teaching and assessment
practices to align with the 2016 STE Framework based on NGSS, as illustrated in the theme
Teachers Value Collaboration and Reflection and its subtheme Collaboration is Valued. Five of
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seven participants perceived collaboration as being instrumental to their ability to make changes
in their teaching and assessment. This aligns with the success of Kafyulilo et al, (2015) in
stimulating change in secondary science teachers’ pedagogy by providing guidelines for
collaboration in the development of curricular materials. Curiously, they also related this to a
negative perception of external stimulus from their building and district administrators who did
not provide adequate formal time for collaboration. Smith (2018) found teachers felt they needed
more support to enact teaching aligned to NGSS. I have similar findings, the participants desired
more support, particularly additional formal time with same course teachers or within science
departments, but felt the administrators limited their opportunities. The desire for additional
formal time to collaborate with peers on development of new curricular materials aligned with
the findings of Voogt et al. (2011), which indicated that when teachers worked collaboratively on
developing new curricular materials, they were more likely to make sustained changes in their
classroom practices. However, Voogt et al. (2011) also found lack of support from the school
hindered this change process, and the participants in this research study noted they did not
receive appropriate support in the form of school provided time.
Further the perceived need for more collaborative time for aligning teaching and
assessment materials to the 2016 STE Framework agreed with prior research that teachers
specifically cited a need for additional time for curriculum development, planning, and
collaboration to make sense of the SEPs (Hagberg, 2020). Despite the barriers experienced by
the participants, five participants perceived themselves as having made substantial changes to
their teaching and assessment practices, in response to the adoption of the 2016 STE Framework,
while at the schools where they currently taught. These participants found any collaboration they
could manage, on their personal time, during lunches, or in passing the halls, to lead to positive
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changes in their practices. However, Lebak (2016) found that teacher perceptions about their
inquiry-based teaching practices are often not congruent with external perceptions of these
practices.
Participants indicated they did not believe the MCAS would assess students’ skills in the
SEPs and would likely not change much from its current form, which is primarily a test of
student memorization of disciplinary content ideas. The Importance of Passing the MCAS and
Memorizing Facts and Rote Tasks Have Decreased in Importance, subthemes of The Role of the
Standards and How They are Tested and Memorization and Rote Tasks vs. Deeper
Understanding respectively, appear to be directly in opposition to one another. All participants
noted the decreased importance of memorizing facts and completing rote tasks when discussing
ideas related to the domain of consequence, but they also acknowledged the importance of
student results on the MCAS as part of the domain of consequence. Multiple participants
acknowledged their apparent cognitive dissonance on this subject. They did not want to be the
type of teachers who “teach to the test,” but they did not believe the MCAS exam would go past
this level of learning and were hesitant to change classroom assessment practices until they had
confirmation the test would focus more on the SEPs that it had historically. External assessment
requirements were connected to limited teacher change by Voogt et al. (2011). Concerns over the
state’s external assessment appear to have created the potential for limited change in the
participants of this study as well. Shapiro (2018) found teachers in Michigan who were tasked
with teaching the NGSS while also preparing their students for a non-NGSS aligned state test
continued to align their classroom practices with the high stakes exam, not the adopted standards.
This may be further complicated by the additional time required for teaching students through
the inquiry methods that are a component of the SEPs (Morrison, 2013) rather than focusing on
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memorization of facts and disciplinary content ideas. However, the participants’ beliefs in the
reform, that memorizing facts and completing rote tasks has decreased importance, may help to
dimmish this impact, as shown by Hayes et al. (2017).
Implications
The results of this study will be of benefit to school leaders at all levels as they continue
to support the work teachers are doing to complete the transition to teaching and assessing the
2016 STE Framework. The writers of the NGSS were clear that they were not creating a readymade curriculum from which teachers could pull lessons, but instead a framework within which
teachers would need to develop their own lesson and unit plans (National Research Council,
2012; NGSS Lead States, 2013). It has been well established integrating the three dimensions
created in the NGSS, Disciplinary Content Ideas, Science and Engineering Practices, and Cross
Cutting Concepts, would be difficult (Allen & Penuel, 2015; NRC, 2012; Pruitt, 2014). This
study explored how that arduous process was perceived and experienced by the local teachers
tasked with creating, teaching, and assessing lessons and units aligned with the 2016 STE
Framework, based on NGSS.
One of the research findings which emerged from the data collection was teachers’
perceived role of the standards and how high-stakes testing motivated teachers to change their
practices. For the participants in this study, the 2016 STE Framework provided limited
motivation and guidance for how to teach and assess science in their classrooms. However, the
accountability created by the formal testing of standards provided by the MCAS was the largest
motivating factor experienced by the participants. Concern over MCAS performance superseded
personal beliefs and attitudes about teaching science and the written text of the 2016 STE
framework. This is aligned with Shapiro’s (2018) findings for science teachers in Michigan.
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State testing authorities would be well served to consider that teachers understand the difficulties
of assessing SEPs and have tailored their classroom practices to what they anticipated will be the
format of the new MCAS 2.0 in June 2022. They have done this while expressly stating their
disdain for “teaching to the test,” because of their perception that passing the MCAS is the most
important aspect of any course leading to the MCAS exam. Participants who teach courses
described in the 2016 Framework but not leading to the MCAS exam are, at least within the
bounds of the data collected in this study, more likely to be faithful to the 2016 STE Framework
as written than those who teach a course leading to the MCAS. This comes in part due to the
perception that it is difficult to assess the SEPs in context in a classroom, but it will be
considerably more difficult to assess them on a high-stakes computer-based statewide
assessment. This perception aligns with the results of a study by Cisterna and Gotwals (2018),
which found that even when learning goals included the SEP ‘explanation,’ assessments of those
goals frequently were centered only on content definitions.
It is important for building and district administrators to reflect that the MCAS exam is
the only source of accountability the participants in this study mentioned. The interview
instrument did not have any direct references to the MCAS, but all participants mentioned the
importance of MCAS testing in relationship to the changes they were making in their teaching
and assessment practices. In addition, participants were asked if they perceived being supported
by their building and district administrators in making the transition to teaching and assessing the
2016 STE Framework. Overall, they dismissed support from building and district administrators
as not possible, not happening, and largely unimportant. The contrast between this dismissal and
their inclination to bring up the MCAS exam may provide an opportunity for building
administrators to better support standards-based curriculum changes in the future. Combined
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with McNeil et al.’s (2018) findings that principals are not able to identify the SEPs in practice in
the classroom and the findings of Lin (2020), Moos (2020), and Pruitt (2014) that the SEPs and
the pedagogy required to teach and assess them are not well understood, there is an opportunity
for building level administrators to become better versed in these aspects of teaching and
assessing science and provide support and accountability other than high stakes exams.
Individual high school administrators may find utility in the confirmation that the process
of transitioning to teaching new high school science standards, including SEPs, is analogous to
other processes of long-term teacher growth (Friedrichsen & Barnett, 2018). Building on
teachers’ existing personal beliefs and attitudes about teaching and creating opportunities for
professional experimentation will lead to long term growth if teachers perceive there are positive
salient outcomes for students. This happens whether the changes in personal practice are difficult
or not.
Recommendations for Action
The results of this study, Massachusetts high school science teachers’ perceptions of
transitions in teaching and assessment related to the NGSS, although not generalizable, are
meaningful and important to the continued successful implementation of NGSS. The purpose of
this phenomenological research was to capture the lived experiences and perceptions of
Massachusetts high school science teachers in how they were making the transition to teaching
and assessing SEPs using content instead of teaching disciplinary content facts through various
methods, including scientific inquiry practices. To this end, I offer two sets of recommendations.
Recommendations for actions to be taken by district and building level administrators at the
study sites and recommendations for educators in Massachusetts and other American education
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systems which have adopted a version of the NGSS or who do adopt a version of the NGSS in
the future.
Recommendations for Action at the Research Sites
At the research sites, building and district officials should seek better ways to support
their science teachers in the transition to teaching and assessing the 2016 STE Framework. One
method for creating an environment of support is creating formal time for science teachers to
work collaboratively to revise the lessons and assessments they have already made in response to
the adoption of the 2016 STE Framework. Expansion of formal collaboration time is supported
by the findings of both Smith (2018) and Voogt et al. (2011). Another way to support the science
teachers at the research sites would be for school and district leaders to hire experts, possibly the
teachers themselves, to redesign the curriculum from the ground up. Having teachers create new
curricula is a common practice in schools similar to the sites for this study (H. Paul Metcalf,
personal communication, December 11, 2019). After the changes are made to the curriculum, all
science teachers will need professional development to teach them how to use the curricular
materials and how the new approach differs from teaching under the 2006 STE Framework based
on the difficulties teachers have experienced in faithfully implementing teaching and assessment
of the SEPs in their classrooms (Cisterna & Gotwals, 2018; Friedrichsen & Barnett, 2018;
Kawasaki & Sandoval, 2019).
Recommendations for Other Educators Adopting the NGSS
If test designers at DESE, or similar educational authorities, want teachers who teach
classes which culminate in the MCAS exam, or any high stakes test, to emphasize the SEPs in
their daily classroom teaching and assessment, they should consider how they will authentically
assess the SEPs on the MCAS and distribute this information to classroom teachers. Lack of faith
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that the test will assess the new standards was notable in this study; Shapiro (2018) found that
teachers in Michigan did not implement the teaching of NGSS aligned curriculum when
Michigan did not change their high stakes test to align with NGSS. Test designers should provide
this information as early as possible ahead of any change in testing and provide exemplar exams
which demonstrate the rigor and emphasis of testing of the SEPs. Local school leaders should
communicate with their teachers what their expectations are for student MCAS performance and
for fidelity to the standards. Participants in this study felt unsupported by their building and
district level administrators and were left with the impression that students passing MCAS was
the only thing these individuals were concerned about with respect to the change in standards.
Recommendations for Further Study
Future studies investigating the intersection of teacher experience with transitioning
teaching and assessing the SEPs and specific professional development activities or programs
would benefit building and district leaders who are looking for research-based methods of
creating long-term change in their high school science departments. While research currently
exists on several professional development programs focused on the new science standards and
the SEPs (Hagberg, 2020; Kawasaki & Sandoval, 2020; Wilde, 2018), these studies did not focus
on teacher perceptions and experiences. This study revealed that teacher perceptions and belief
systems vastly influence how teachers make the transition to teaching and assessment focused on
SEPs. However, the professional development attended by the participants in this study was
limited and not conducted as part of a district or building initiative.
Similarly, a future study focused on teachers teaching courses not culminating with a
high stakes exam could reveal different perceptions and experiences than this study. There were
themes which surfaced more often for teachers of non-MCAS courses. Given that students only
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take a high-stakes end-of-course exam one year in Massachusetts, the majority of courses taught,
and therefore teachers teach these non-MCAS courses. This study focused on teachers who
taught at least one course described in the 2016 STE Framework, which created a greater chance
of participants teaching a course which culminated with the MCAS exam. But many courses
taught at the research sites are not explicitly described by any state standards. For example, in
addition to teaching Chemistry, Biology, Introductory Physics, and Technology/Engineering,
teachers participating in this study taught forensics, environmental science, and second-year
courses in biology and physics which were not included in the 2016 STE Framework.
The strong focus on the MCAS by participants when discussing the transition to the 2016
STE Framework is striking. Massachusetts suggests that the high school MCAS science exams
are based on the content taught in one year of high school science, but that the high school
MCAS English language arts and math exams are based on accumulated skills over the course of
students’ school careers (Massachusetts DESE, 2020a). As a result, it would be interesting to
study teachers in high school science, English language arts, and math courses which culminate
with an MCAS exam. It could be interesting to see if the motivation to adhere to the state
curriculum framework is similar or different for these teachers.
The influence of high-stakes testing on the participants perceptions of their transition was
intense. However, the MCAS exam based on the 2016 STE Framework will not occur until June
of 2022. Teachers' perceptions of courses leading to the MCAS may change in response to the
exam. Therefore, a similar study after the implementation of the new MCAS would yield
meaningful results.
This study focused on teachers in small suburban high schools. The students in these
schools are rightfully described as privileged. These schools and districts are also more likely to
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create their curriculum materials than districts in large urban school districts (H. Paul Metcalf,
personal communication, December 11, 2019). A future study examining the perceptions and
lived experiences of teachers in urban school districts which have different student demographics
and a different approach to curriculum development could yield different results.
Conclusion
The problem under study was the transitions in teaching and assessment related to the
adoption of the 2016 STE Framework based on the Next Generation Science Standards, which
relies heavily on teachers to develop new curricula. The Next Generation Science Standards
incorporated three basic principles into the standards: DCIs, CCCs, and SEPs but did not provide
a curriculum for teachers to use (NGSS Lead States, 2013). Teachers were required to develop
these materials, and difficulty in developing new ways of teaching and assessing science
(Friedrichsen and Barnett, 2018; Kawasaki and Sandoval, 2020; Wilde, 2018) was exacerbated
by the delay in full implementation of the standards by Massachusetts DESE, which has delayed
high stakes testing until June 2022. Pruitt (2014) noted that adopting the NGSS without
modification would allow for the burden of unit, lesson, and assessment development to be
shared across state lines. However, Massachusetts modified the NGSS before adopting the
standards making the transfer of developed curriculum less realistic.
The purpose of this study was to capture the lived experiences and perceptions of
Massachusetts high school science teachers related to their transition to teaching and assessing
SEPs using content instead of teaching disciplinary content facts. The existing literature focused
on what strategies are most effective in teaching and assessing students, but the body of
knowledge about how teachers experience making necessary shifts in teaching and assessing was
scant (Matlock, et al., 2016). This problem and purpose led to the research question, “What are
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high school science teachers’ perceptions of the transitions in teaching and assessment related to
Massachusetts’ adoption of standards based on the Next Generation Science Standards?” which
guided the study.
The results of this study were captured in five main themes: Memorization and Rote
Tasks vs Deeper Understanding, Teachers Value Collaboration and Reflection, The Role of the
Standards and How They are Tested, Positive Perceptions Related to the Science and
Engineering Practices, Preparing Emotionally Resilient, Scientifically Literate Citizens. These
themes are underpinned by the positive experience the participants had in carrying out their
work, teaching, regardless of specific circumstance or subject taught. All participants perceived
the new standards for teaching and assessing science in Massachusetts to be an improvement
over the 2006 STE Framework. The participants had overwhelmingly positive experiences
teaching the 2016 STE Framework to their students and perceived their students to have had
positive outcomes directly or indirectly related to the new standards. This is especially
impressive given the focus participants placed on students’ social-emotional well-being in
response to the question, “What do you believe is the most important thing to teach students in
your classes?” For example, Mary’s response, “I think for kids giving them an attitude that they
can do things. . . . I try to teach them perseverance,”
The design of high stakes exams and their impact on student success at the high school
level should be considered by state-level testing authorities when implementing new science
standards, particularly those focused on changes in the approach to teaching and learning, like
the inclusion of the SEPs in the 2016 STE Framework. Similarly, district and building level
administrators should focus on providing support in terms of collaboration time, curriculum
development, clear expectations related to standards and high stakes exams, and continuous
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high-quality professional development to help their high school science teachers transition
teaching and assessing the 2016 STE Framework, based on NGSS.
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Appendix A
Example District Outreach Email
Dear Superintendent X,
I am conducting research for my dissertation pursuant to earning a Doctorate of Education at
the University of New England. I am seeking your permission to use your district as one of my
research sites. My research is focused on the lived experiences of high school science teachers
making the transition from teaching the 2006 Massachusetts Science and
Technology/Engineering Curriculum Framework to the 2016 Curriculum Framework. The
2016 Science and Technology/Engineering Framework is an adapted version of the Next
Generation Science Standards which call for a strong emphasis on teaching science and
engineering practices and a reduced emphasis on specific content.
With your permission, I will recruit high school science teachers from your district who teach a
course whose standards are provided in the 2016 Curriculum Framework to participate in my
study. These science teachers will be asked to participate in an initial interview and a brief
follow-up interview. The initial interview is expected to be approximately 45 minutes and the
follow-up interview is expected approximately 15 minutes. All participants will be given the
opportunity to review the findings before publication. Interviews will be conducted by video
call, phone call, or in person based on the preference of the participant.
All names of participants, superintendents, districts, and schools collected for this study will
remain confidential and at no time will individuals, schools, or districts be identified. No cost
will be incurred by the teachers, the school, or the district.
A detailed proposal is enclosed. Should you approve this request, please send your written
permission on district letterhead. An example site permission letter is also enclosed.
If you have any questions, please do not hesitate to ask. I can be reached at (555) 555 – 5555
or amocharnuk@une.edu. I thank you in advance and look forward to your reply.
Regards,
Alyssa Mocharnuk
Doctoral Student
University of New England
amocharnuk@une.edu
(555) 555 - 5555
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Appendix B
Example Principal Notification Email
Dear Y,
I am conducting research for my dissertation pursuant to earning a Doctorate of
Education at the University of New England. My research is focused on the lived
experiences of high school science teachers making the transition from teaching the 2006
Massachusetts Science and Technology/Engineering Curriculum Framework to the 2016
Curriculum Framework.
Superintendent X has authorized me to recruit research participants from your school.
There are three criteria for participation in this study:
Participants must hold a current Massachusetts high school level initial or
professional teaching license in one of the science disciplines: biology, chemistry,
earth & space science, physics, or technology/engineering
Participants must have taught a science course (in their role as science teacher or
science department head/chair/leader) defined in the 2006 STE Framework at the
high school level in Massachusetts for at least two years
and participants must currently teach the same course (in their role as science
teacher or science department head/chair/leader), the standards for which are set
forth in the 2016 STE Framework (Biology, Chemistry, Introductory Physics,
Technology/Engineering)
Participation will consist of an initial interview of approximately 45 minutes and a followup interview which is expected to be approximately 15 minutes. All participants will be
given the opportunity to review the findings before publication. Interviews will be
conducted by video call (Zoom).
All names of participants, superintendents, principals, districts, and schools collected for
this study will remain confidential and at no time will individuals, schools, or districts be
identified. No cost will be incurred by the teachers, the school, or the district.
If you are interested in sharing your experiences and perceptions of the transition from the
2006 STE Framework to the 2016 STE framework, please contact me by replying to this
email or calling me at (401) 338-1762.
If you have any questions, please do not hesitate to ask. I can be reached at (555) 5555555 or amocharnuk@une.edu.
Regards,
Alyssa Mocharnuk
Doctoral Student
University of New England
amocharnuk@une.edu
(555) 555-5555
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Appendix C
Example Participant Recruitment Email
Dear Potential Participant,
I am conducting research for my dissertation pursuant to earning a Doctorate of
Education at the University of New England. My research is focused on the lived
experiences of high school science teachers making the transition from teaching the 2006
Massachusetts Science and Technology/Engineering Curriculum Framework to the 2016
Curriculum Framework.
Superintendent X has authorized me to recruit research participants from your school.
There are three criteria for participation in this study:
Participants must hold a current Massachusetts high school level initial or
professional teaching license in one of the science disciplines: biology, chemistry,
earth & space science, physics, or technology/engineering
Participants must have taught a science course (in their role as science teacher or
science department head/chair/leader) defined in the 2006 STE Framework at the
high school level in Massachusetts for at least two years
and participants must currently teach the same course (in their role as science
teacher or science department head/chair/leader), the standards for which are set
forth in the 2016 STE Framework (Biology, Chemistry, Introductory Physics,
Technology/Engineering)
Participation will consist of an initial interview of approximately 45 minutes and a followup interview which is expected to be approximately 15 minutes. All participants will be
given the opportunity to review the findings before publication. Interviews will be
conducted by video call (Zoom).
All names of participants, superintendents, principals, districts, and schools collected for
this study will remain confidential and at no time will individuals, schools, or districts be
identified. No cost will be incurred by the teachers, the school, or the district.
If you are interested in sharing your experiences and perceptions of the transition from the
2006 STE Framework to the 2016 STE framework, please contact me by replying to this
email or calling me at (401) 338-1762.
If you have any questions, please do not hesitate to ask. I can be reached at (555) 555 –
5555 or amocharnuk@une.edu.
Regards,
Alyssa Mocharnuk
Doctoral Student
University of New England
amocharnuk@une.edu
(555) 555 - 5555
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Appendix D
Informed Consent
Version 8.22.18

UNIVERSITY OF NEW ENGLAND
CONSENT FOR PARTCIPATION IN RESEARCH

Project Title: Massachusetts High School Teachers’ Perceptions of Transitions in Teaching and
Assessment Related to the Next Generation Science Standards
Principal Investigator(s): Alyssa Mocharnuk
Introduction:
•
•

Please read this form. You may also request that the form is read to you. The purpose
of this form is to give you information about this research study, and if you choose to
participate, document that choice.
You are encouraged to ask any questions that you may have about this study, now,
during or after the project is complete. You can take as much time as you need to decide
whether or not you want to participate. Your participation is voluntary.

Why is this research study being done?
The purpose of this study is to reveal the Massachusetts high school science teachers’
perceptions of transitioning to teaching and assessing science and engineering practices as
outlined in the Massachusetts 2016 Science and Technology/Engineering Curriculum
Framework based on the Next Generation Science Standards.
Who will be in this study?
You must hold a current Massachusetts high school level initial of professional teaching license
in one of the science disciplines: biology, chemistry, earth & space science, physics, or
technology/engineering.
You must be a high school science teacher or department head/chair/leader in Massachusetts
who taught a course described in the 2006 Massachusetts Science and Technology/Engineering
Curriculum Framework for at least two years and who is now or has recently transitioned to
teaching a course (in your role as science teacher or department head/chair/leader) described
in the 2016 Massachusetts Science and Technology/Engineering Curriculum Framework.
What will I be asked to do?
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•

•

If selected for this study, you will be asked to participate two audiovisually-recorded
interview(s) in order to discuss your experiences with teaching and assessment practices
related to transitioning from the 2006 Massachusetts Science and
Technology/Engineering Curriculum Framework to the 2016 Massachusetts Science and
Technology/Engineering Curriculum Framework. The primary interview will last
approximately 45 minutes and the follow-up interview will last approximately 15
minutes. Both interviews will be held via Zoom
Additionally, you will be asked to review the transcript of your interview, as well as my
analysis of it, to ensure that your words and perceptions have been captured accurately.

What are the possible risks of taking part in this study?
There are minimal risks associated with participation in this study. These risks include possible
breach of confidentiality (which will be mitigated by use of pseudonyms and password
protected files stored on physical devices to which only the researcher and committee
members will have access) and discomfort answering questions (mitigated by the participants’
right to discontinue participation at any time for any reason).
What are the possible benefits of taking part in this study?
Possible benefits associated with participation in this study include the opportunity to reflect
on your practice and the chance to find out how others facing highly similar circumstances
perceive their experiences.
What will it cost me?
There are no costs associated with taking part in this study.
How will my privacy be protected?
•
•
•
•
•
•

You will be asked to choose a pseudonym which will be used in the study in place of
your name.
Additionally, all other identifiable information will be removed.
Schools and districts will be assigned pseudonyms and identifiable information about
schools and districts will be removed.
All research records will be kept in the locked home office of the principal investigator
or in password protected files which are stored locally (not on the cloud). As an added
provision of privacy, the identity of participants will not be revealed at any time.
All recordings from the research study will be destroyed after the interview is
transcribed. All identifying information will be removed from the transcript.
Only the researcher’s advisor and the IRB Committee at the University of New England
have the right to review the study data.

How will my data be kept confidential?
•

The interview(s) will be recorded and then transcribed by me.
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•

•
•

All notes, recordings, and transcriptions will be kept in a locked and secure location
which is only accessible to me, my committee, and the Institutional Review Board or in
password protected files for which only I have the password and which are only stored
locally. The list with your name and pseudonym and your school and district name and
pseudonym will be kept in a different secure location, accessible only to me.
All computer files will be kept on a password-protected computer, accessible only to
me, my committee, and the Institutional Review Board.
At the conclusion of the study, all notes, recordings, and transcriptions will be
destroyed.

What are my rights as a research participant?
•
•
•
•
•
•
•

Your participation is voluntary. Your decision to participate will have no impact on your
current or future relations with the University.
Your decision to participate will not affect your relationship with the school district.
You may skip or refuse to answer any question for any reason.
If you choose not to participate there is no penalty to you and you will not lose any
benefits that you are otherwise entitled to receive.
You are free to withdraw from this research study at any time, for any reason.
o If you choose to withdraw from the research there will be no penalty to you and
you will not lose any benefits that you are otherwise entitled to receive.
You will be informed of any significant findings developed during the course of the
research that may affect your willingness to participate in the research.
If you sustain an injury while participating in this study, your participation may be
ended.

What other options do I have?
•

You may choose not to participate.

Whom may I contact with questions?
•
•
•

The researcher conducting this study is Alyssa Mocharnuk.
o For more information regarding this study, please contact me at
amocharnuk@une.edu
If you choose to participate in this research study and believe you may have suffered a
research related injury, please contact Deborah Jameson, Ph.D., Lead Advisor at
djameson1@une.edu or (207) 221-4960.
If you have any questions or concerns about your rights as a research subject, you may
call Mary Bachman DeSilva, Sc.D., Chair of the UNE Institutional Review Board at (207)
221-4567 or irb@une.edu.

Will I receive a copy of this consent form?
•

You will be given a copy of this consent form.

117

Participant’s Statement
I understand the above description of this research and the risks and benefits associated with
my participation as a research subject. I agree to take part in the research and do so
voluntarily.

Participant’s signature or
Legally authorized representative

Date

Printed name
Researcher’s Statement
The participant named above had sufficient time to consider the information, had an
opportunity to ask questions, and voluntarily agreed to be in this study.

Researcher’s signature

Printed name

Date
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Appendix E
Interview Protocol
Thank you for participating in this research study. As you know, the purpose of this
study is to better understand Massachusetts high school science teachers’ perceptions
of transitioning to teaching and assessing the standards from the 2016 Science and
Technology/Engineering Framework which is based on NGSS and changes the relative
emphasis on science and engineering practices and disciplinary content ideas.
The participating districts and schools and all participants’ identities will be
anonymized and kept confidential throughout the data collection, analysis, and
writing process. All electronic data collected will be stored in a password-protected
computer, in password-protected files, for use only by me. All hard copies of any
material from the interview will be kept in a locked file cabinet until the end of the
study when they are appropriately destroyed. The interview will take approximately
40-60 minutes. Do you have a pseudonym you would like to use? ___________________
[Provide an opportunity for the participant to re-read and ask any questions about the
signed consent form]
[Turn on and test recording devices]
[Begin questions]
I’m going to begin with some demographic questions.
Question
What is your professional role – teacher,
department head…?
How many years have you been teaching?
What science classes do you currently teach?
How long have you been teaching each of
these classes?
What is your highest level of education? In
what area is this degree?
In what areas do you have a Massachusetts
teaching license?
Approximately how many hours of
professional development on the 2016 STE
Framework have you completed?

Possible Probes
Do you teach full time?

In what area did you earn your
master’s degree (if doctorate)?
In what area did you earn your
bachelor’s degree?
At what level? 5-8? 5-12? 7-12? 912?
Approximately how many sessions
of professional development on the
2016 STE Framework have you
completed?

I’m going to ask some more in depth questions now.
Can you tell me about your philosophy
of teaching science?

What do you believe is the most
important thing to teach students in your
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What changes, if any, have you made to
your teaching practices to align with the
2016 STE Framework including the use
of science and engineering practices?

classes? (branch to each type of class as
needed)
Tell me more about that.
[summarize and repeat back]
How do you feel about this transition in
your practice?
Do you anticipate making further changes
in [name of subject
area/content/project/assignment
participant has named] to better align
your teaching with the 2016 Framework
including the use of Science and
Engineering Practices?
Do you expect to make more changes to
your teaching practices to further align to
the 2016 STE Framework including the
use of Science and Engineering Practices?
Can you tell me more about your
experience?

What changes, if any, have you made to
your assessment practices to align with
the 2016 STE Framework including the
use of science and engineering
practices?

[summarize and repeat back]
How do you feel about this transition in
your practice?
Can you tell me more about your
experience?
Do you plan to make further changes in
[name of subject
area/content/project/assignment
participant has named] to better align
your assessments with the 2016
Framework including the use of Science
and Engineering Practices?
Do you foresee making additional
changes to your assessment practices to
further align to the 2016 STE Framework
including the use of Science and
Engineering Practices?

What do you see as the difference
between the approach adopted by
Massachusetts and the approach set

[summarize and repeat back]
How does this difference impact your
experience teaching and assessing
science?
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forth in the Next Generation Science
Standards?
What do you see as the differences for
students in learning and demonstrating
their mastery in science class under the
2016 STE Framework compared with
the 2006 STE Framework?
How do you feel about any changes you
have experienced in your philosophy of
teaching due to transitioning your
teaching and assessment practices to
align with the 2016 STE Framework?
Thank you for your time.

Do you view this as an improvement,
deterioration (better or worse), or no
change compared to the 2006 STE
Framework?
How do you expect it to change?
Why do you not expect it to change?
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Appendix F
Institutional Review Board Approval

